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At,ot]]i( lIY(lIOg;CII  lIas l)(YII o f  cx)l)t  itl(lolls  (xj)(lill)(llt<il  a]l(l t IIcorciical illtcrcv+t fo] ~vcll

ov(’r IIdlf a ((]ltllry. II;x})(:lilll(:lll;(l ltI(:iIslll(]II(LIIts  o f  its lill(, sj)((t I 11111 IIavc l)rovi(lc(l  s(~ar(llillg,

t(sts foI (/,  LIaIItIIIII  1’;I(c.1 ro(lyliall]i(’s. 1  lyd IogI,(II  lIas l)lay((l  a  ccIIt  I ill 101(’  ill alolllic  (ollisioll”

l)llysi(s,  I)lillf a lily l)cca[ls( lIy(ll op)(:jt  ivd~(l(l]tcl  iolis ar( (Xa(l ;11](1 il I)l(:(iS(:  (l(T+(’1’~ ))1 ioli of 111(’

lIy(lro~,(])  tat~(t  i s  alailal)l( for IIlo(l(’lillf, tll( (ollisioll” 1)10((ss. Alollli( lly(lro~,(:Ii,  tlJ(’ 1110s1

iIl)IIII(laIIt s))(’(i(’s, i s  a l s o  of gr(~at  (os)llolop, i(:ll il}l(ws!,

l;x(ilatiotl o f  atollli(.  l)~’(lro~,(tl  I)y  (1(1( (]011 ittll)act ]Ids I)((sII d k(>)’ t(stillg ~,lolllI(l fol 111(1

(1(’1’(’lol)l])(’1}(  o f  tl](’ tll(oly ( ) {  (lc(’(roll  illll)a(t (~x(’itatioll. IIoil’(’ir(’l ,  as l)oil)t(~(l  OIIt  it) r(~((llt

r(vi(~w’s  l)j’ ‘1’I;Ij]IIar a]l(l  l{;itlil(  [4] a]i(l  I(itlf, (’1 al. [T)], sif,lli[i (alit (liscr(:])allci(w  s t i l l  r(ttlai]l

l)(i\\I(YII av[iilal)l(: cxl)(rilt)())ts,  a s  Iv(:1I a s  l)(l\\J((III  (xl)(litll(llt all(l {l)(wlj~. ‘1’()  a larp,(  (X1(111

lllis r(fl((ts  11]( (Ii fli(lllty  ill ]](]for]]li]l~~)  (sl}(li]]](]lts  witl] atollli(  lIy(llof;clI, 1$’11(]( slill)l(,

illt(lls(’  al](l lvrll (Jllalltifi(’(1 l)(a]t Is o f  tli( ;I(ol[ii( sl)((i(’s arc {Iilli((llt to 1)10( 1{1((. I t  ;11s0

1( ’fl(xts tll(> (Ii  fli(lllti(s (’xj)(’ri(ll((~(l  l)y tll(x)lisls  ill 11](’ s o (+[11(’(1 ‘illt(.l Ili((liat(,’  (’11(]{~,~’  r(’p, ion,

aw:lj’ Irol]l tl)(. tlllcsl)ol(l  r(’p, io]l, lf’ll(~r(’  Iii/,11 (]I(~]jI,\’ ;I])])]oxill);ltio]l:.”  ar(’ a l s o  lIot Iii Ii(l.

‘1’1]( filst Il)(tislll(l)l(:llt  o f  tl)( 11(1s ?,])) (x(itilt,ioll  (10ss s(’(tio]t (Qj,qzl,  ) \\’:Is ( ’ i l l ’ ]  ” i ( ’ ( l

ollt! alll)ost 4 0  y e a r s  21{; () I,y I“it( aII(l  llra(kIIIa  II [ 6 ]  ill a  ])iotl(,(]i]l~, cx})(:ri]]](’]11 LIsi]l{j,  a

lllll#,st,(lI f’111 ]Iacc  to d i s s o c i a t e  ]t)ol(xulal lly(llo~,(]l aII(l al I oxyp)(’ll  [ilt(l  to i s o l a t e  tlI( 1 ,JIIldll-

O l’;l(liilt, iol) 111 1968 1,011{;, (~ox aII(l  Slllitll [ 1 ]  (arlic(l ollt a silliilar  study,  also Ilsill/,  a

lllll:,st(:]l  fl]l  IIac(  iiII(l  oxyp,(II  {ill (’], aII(l  IIollllaliy,((l  tllcil  clata  t o  111(  1101]) al)l)loxiil)iitioll”  at

all (’11(’lg,y of 200” (’V. ‘J1}I(W (Iatd corfcsj)o]id t () ol)s(:l~~:ltic)lts  of 1 ,jIIIIalI-o radiiitliolt  at 90° t ()

t]l(’ i]lk’1’~(’till~,  ])(’FII IIS ;Ill(] l’(t(]llil’(l ii (’01’1  C(”t  ion  fol” t ]1(’ (’fl’(!Ct  of ])ol/11’;7,iLtio]l”  ill ()] ’(](’]’ to ()})tilill

fllll  i]lt(~,ral  c r o s s  S((tio]ls. M((;  owiIII, Willial)]s  aIId (~url(y [’/] I)ul)lisllc(l  )I)(:;is(ll(il)(llts  o f ”

tll(’ II(JS ?,1)) c r o s s  s(~(tio]l ill tllc lIII(sIIOI(I  l(g)ioll  l)rill)a)  ilj t o  ol)scrvc tll(’ 1( ’sollall (’(”

st,l’(1(’t,llr(~. I“ill ally, \4~illiallls [?,;3]  rcj)c)l 1( ’(1 al)solllt( QI,,21, (]os; s((lioll l ] ) ( a s l l l ( l ) l ( ’ i l l s  fo]

(])(’r~,i(:s  I)(ttv(ctl  tlIrcslIol(l  aII(l  1:3 (\/, aII(l fo] a sillgl(  CII(r/)j ill /)’1.4  (’\/, Cillil)l’ilti]l{i tll(’

l’il(liolll(’tl’ic s) ’stclll ill t(’rl])s  o f  tl)c (l IIal  ItIII II j’i(l(l o f  a fI(slIlj’  (’1’d])orat(d  dllllllillllll) filtt)

:111(1  I]sillp, it })1  Iil S(’ sl}ifl illlill~rSi  S o f  tll(’ (’iii St i(’ S(’iltt(>l’ill~, to ( l ( ’ t ( ’ l  ll~ill(~  tll(’ tdl”g(’t  ll~(ll”()~, (11

d(]tsit~’.

11( ’(”~lll S(’ 01” ~111 (’Xt(’11(1(1(1 (>11(1”~,~  l’illl~,(,, (11(’ (lilt :1 of IJollp, (’1 ill. [ 1] llil\7(’ 1)( ’(’11 of ~,l’(’;lt  (’St

illtcrcst  ;1[1(1 t 11(’ sllljj(’ct o f  11)11 (’]1 illldl~Si  S 1))~ (Iifl’(r(,tlt, tllltllol”s. \’illl \V~ll$;tlill’(l  (’11 illl(l \3~illt(’1’S

[8] (OJl(((((l  tl)( l,oli~; (!t, i~l. [j] (I;tt;l i~t, :111 (I])(]p,i(s  llsil]~, ott, lii,ll))ili,  ~ill(l  l’itc)s [f)] lillll(S  of

])olilliy,;llioll” ill](l M()]ljs()]!  iill(l ]{11(1:,(.’S  [ 1 0 ]  (-Still )ilt,(S o f  (:1$(:1(1( I’10111  lli~,ll(r lyi]l~, I(\(:ls  III)

t o l l  ~ f). \’illl  \4)~ll~,il  i11’(1(’11 illl(l  \trillt(’l”S  [8]  t]l(’11 llol’ll)illi Z(’(1  111(’ (Iillil l)}’  scalill~,  tll(’ l(sllltillg,

(’XI)(’)  iill(,l]lill  \’illll(’  (,()  tll(~it tll(’ol(’ti(al  \’illll(’ ilt 1)()() ($\~.  11( ’(1(11(’ illl(l ( lilllil~;ll(’1” [1 1] (ollsi(l(t(xl

tll(’ IIol’ll  lilliziltioll”  O f  tll(’ ljollp, (’1 al, (Iiitd [ 1 ]  I)\’ (c)lr(xtil)p,  jol” (“ii S(’il(l(’ ilt lii{~;ll(r cll(~]~,i(s

llsil){~  t 11($ 110! II (()(  ’Jli(i(:l)ts  of \)ilill Sllt(~jJJ [ 1 ?,] illl(l 1)}7 (1(’v(lo})ill{~  il ))10(’(’(1111’(” t o  (JXt l“~ll)olill(”

tll(’ (’Xl) (’l’illl(’lltiil (l+itit ( ) ] 1 1 ( )  ii II(!tll( IJilllo [1:;]  ])lot. ‘I’ll( ’jr ] ) l ’ ( ) ( l l l (”(  ’ (1  (’ol’I’(’(’t(  ’(l \7illll(’S  illl(l

Sllgj~(’St(’(1  1 IIilt 111(’S(’  ( l i l t l i l  l’(’1)1(’S(’llt i l l )  11])])  (’1 lilllit  to  tll(’  tl’11(’  ( “ 1 0 S S  S(>(’tioll,  l)(!(’illl  S() o f ”  tll(’

l’(’lllilillillf,  (ltl((.rtaillty ill (()]I\J(J]p$’11((:  (()  (,II(L 11()]11  I)i:;ll  cl I(Ir[*,j  {1( ’1)(:11 (1( ’11((:.  Ald(lisolt  [J4]
ill S()  (Iis((]ssc(l t 11( ’ol’(’ti(’ill  (’\~i(l(,]}c(:  Sllp;p,(’St il)p, t ]I:lt t,]l(~  1,011/,  (t ill, [ 1 ] (lilt~l  S1)0111(1 1)(’  1’(’{1(1(”(’(1

1)~ ilj)l)l’OSil  llilt(’1~  ~)(~)  1)0(”:111s(’  of tl](’ illiid(’(jl]:l(’~  of t,ll(’  1101’11 :Ij)l)loxiltltltioll”  ilt 2 0 0 ”  (’\r \\’11(’l’(’

lll(il (Iiltil \\ ’( ’l”(’  illitiiilly llo]lllilli Z(’(1. A l l  o f  tll(s( iillill~s(s llil\”(’ 1( ’(1 to Vill’iollS  ‘(”01”1’(’(’l(!(I”

fol’ll)S of t 11(’ (Iiltil  of IJollg (’t i l l .  [1],  ‘1’IILIS,  :11 tll(’ 1]1(’ol”(’tiCilll~”  illt(l(slill~,  (’11(’l’p,~ o f”  !) 1.1 (’\T,



.
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(,11(’  1,011/,  (’t :11. [ 1 ]  Valll(’ {01” QI,,21) (iIIt(I])oltIt(cl f]()]l~  tllci[  (Id[a d( .’IN.6 (\] att(l  68.6 (\/) i s

qllot’(xl  as ( ) .  ”(()s all  (\wll \4)}lIf);i?11’(1(:11 al)(l  \J~illt(!I’S  [8]  ;ill(l  ().’/8!)  :111 ( 1 1 (  ’ ( 1 ( 1 1 ( ’  :111(1  (J~lltlgllCl

[ 1  l ] ) .  l;, *()* I)d,s i], tl)(:  ori~:i]lal I{(f. [ 1 ]  Viilll(:s for (~~,~1, IIcar 54.4 (’\/ al’(’  S t i l t (  ’ ( l  as :1 J . 4 % .

(Iolll]):ilisoll” o f  t,ll(:  al)sc)llltr  IIIctis~II(:II)(IIts  o f  Jlrilliallls  [),:{] alI(l {11(’ (10ss s((tiolls  of

ljOIIp;  cl ii]. [ 1 ] ,  SIIOWS  tlIat at !)4.4 (\/  tlI( (Ioss s(xlioll  datulll o f  Williallls  (Q IS27) ~ 0.888 :1

O.()?(j :111) li(s Si/,llifi(’illltly IIip,ll(l (  flolll 1 ;3(X t o  t~T)(XI)  tllilll illl)’ o f  tll(’ (’ol’l’(’(’t(>(l  1,011$, (’t  :11.

[ 1 ]  \7iilll(S. \\)llil(  ii] tll( (Ol)t(Xl of (X])(lilll(l)ti\l  collisic)]] ,)l,~sics tlliS )Il,,jr IIot S((11)  il lill~C

(liI(lp)(ll(x,  ~)iv(ll  t  11(’  (ol)ll)ill((l  (’rrol l)ill’S  011 111(’  11!’()  111( ’il Slll(’1ll(’ll  [S, t h i s  (li  S(’I’(’])illl  (J’ i s

11(  ’1’(’1 tll(’1(’SS  I’i(’w((l  ilS sip,llifi(;  i)]t, ill ])ill’t, 1)( ’( ’illl  S(’ 111(’  111(  ’il SLll’(’111(’llt  of (’.Y(”iti!tioll  fllttc{iol:s

of iltollli(”  ll~(ll”op,(’11  lld S fllll(l illll(’lltill  ittl])olt  :111((  fol”  tll(’ (1( ’\ ’( ’lo[)lll(’llt  of tll(’ol’(’t  ical  111() (l(’l  S,

;Ill(l  ;11S()  ill ])ill”t  1)( ’( ’illls(’ of tll(’  illl])oltilll(  ’(” o f  III(’ ( 1 S 2])) l,j’lllilll (i (  1“OSS  s(’ctiolls  fol” 11 ;Ill(l

1  IZ ill l)roli(litlp, S(’(’Oll(lill’J’  Still l(lill’(lS fol ill) Solllt(”  l:l(lioll)(lli(  (“ill  il)l’ilt ion (\’dll (l(’l’  1~111’~,t (’1

i l l .  [1!)], Sll(’lllilTISliJ’ (’1  ill. [1(;]).

‘ I ’ ] ) ( ’  (li S(’l’(’])illl(’~ 1)( ’t\\ ’(’(’11  tll(’ (Iat;  l (If l,oll~, (’t i l l .  [ 1 ]  illl(l  \Villi;illls [2,:+] n i l  S  ])lo\’ol((’(1”

[i Sllstilill(i(l (1( ’l)ilt(’ it! tll(’  lil(>l’iltlll’ (’. ‘1’11(’  (Jsl(>llsil’(  (:;il(’llliltioll S 01’(’1” 11}(’ lilSt f(’\l’ (1( ’( ’il(l(%

fol (x(ita[iol)  o f  ilto]]li(”  IIy(lrop,(ll  llil\r(’  1)((’11  collll)il(xl  ill 111(’ 1((’(])1  (ol)}l)l(ll(tlsii(  r(’vi(w o f

‘I’I’iljlll ill’  illl(l li;il)il{ [4]  ;Ill(l  Itill  110( 1)(.  l’(’])(’il[,(s(l  11( ’1’(’. ‘1’]1(’l’(’  ;11’(’ ~ {to f(lll(]d  lll{’llfil!  ilj)j)I’oil(”]}  (’,S

to tll(’ (’1(’(’tl’oll  S(’illl,(’l’ill~;  1)1’01)1(’11): ii 1)(’lt(lll)atil’(~  ii])]  )l’oil(’11  \Ylli(  II i s  /,( ’11( ’l”illl J’ il(’(’111’ilt(’  ilt

IIip;ll (:]1(1{’,i(w  :111(1  (’Xtcll(lS  (Iowll to tllc  illt(’lll l(:(liilt,(’ rc$)ioll (tll(’ \’ill ions l)istoltcd  \jJil\’(’ 1 1 0 1 1 1

A])l))oxilll  iltio])s” (l)\l~llA2) of h4ii(l  iso]]  il])(l (() \Y()]’l;(’l”S  (  h4il(li  Soil  [  I  1], llLll)(’l(’\J  (’1 ?I1.  [17])

:11’(’ {) ,()()(1 (’Xillll])l  CS of this  ii])l)l’(lil(”l  l);  it  11011-  1)(’ltllll)titi\’c il])l)l”oil(”ll, l)il$(’(1  011 iill (’Xl) ~11 SioIl of

tll(’ scatt(:lillg kt~:i~cf~lli(tiol) ill  t(:rllls of a Sllitill)l(’  sot of l)asis S t i l t  ( ’ S  (tll(>  1{-lllat]ix iI])})l’021Cll

of 1 1 1 1 1 ’ 1 < ( ’  illl(l  C()- \$rol’l<(’l’S  (11111’1<( ’  (’1 ill. [1 8] ) illl(l \rill’iollS CIOS(’- (()(ll)lill~,  (’ill C\lliltioll S iil’C

(! Xillll])l(’S). ‘1’11(’ ll)OSt il(’(”111’ill(’  lll(x)r(~tj(al  (liltil ill t}l(, illt,cl)ll(,(li<il(,  (’ll(’l’/,jT l’illl~(’  ;11”(’  lili(!l~  to

1)(’ 1 II(’ IIori 1)( ’1 ’1111’l)i(ti\J(! (:oli\7(,If,(’11(,  (10S(  C()(li)lirtp,  (ill(lll~lt,  jol)S ((!(!(; ) of Ill’iI)’  illl(l St (ll)ol’;(s

[ 1 9 ]  ;,1)(1 lllit~ [’20],  \vll(M( l(slllts  li( si~,llifi(i~lltlj  l)(lO\V tll( \4’illid),]s (lilt,]]])  i,t f)4.{1 C\’ l)llt

~11 S() ?ll)oi~(,  t,ll($  ]  ,011~,  (Jt ill. []] (l;lt,il s(’;l](~(]  ])}7  ]{(, f. [~]. ‘j’]l(~S(~ (;(; { ; (’ill (’Lllilti C)ll  S ill’(. S(l])])ol’t  ((l

ill \Jill’jiIlp,  (1( ’/,1’(’( ’S 1)~ 111(’ IIllllti-l)s(ll(lo  Stilt~>  Cill(’llliil,iOl)S  of (!illlil\l’iljr  all(l {Illlii  l{l’isll]lilll  [:21],

\rilll  \41~ll[},il  i11’(1(’11  iill(l  \41illl(’1’S [s,~~~l],  ,S(”ot  t (’t ill. [2;3]1 t 11(’  S ( ’ ( ” 0 1 1 ( 1  OI’(l(’l  ° (Iistort(d  \\’;I\J(’  1101”11

ii])]  )]()~’i])iilti()}l  (l)\3~l\A 2,) (iil((lliitiolls o f  l~illp,st,oll iil)(l  \3~iilt(.]s [:~4],  ill](l  llIIl)(:l(\J {t ill.  [ ]  ’ ( ] ,

:111(1  tll(’  Illlilill’iz  (’(1 (’ikollill  1101”11  s(’li(,s  (L]  l{; l)S) (“ill  (’lllilliolls  01” 1 1 )  ’]’011  (’1 ?11. [’25], ilS S11011’11 ill

ll’if)ut( I

111 01’(1(’?” to 1’(:S01{7( tll(’S(’  olll  Slilll(lill~,  (Iis(l’(’j)iil  ](i(’,$  I)[’l\\”((’l]  1 11( f(’\Y il\’ili1211)l(’  (xj)(liltl(lits,

;III(I l)(:tlv(x: II (’xl)(~riltl(~ilt,  aII(l  (I I(x)l)T, U’(’ 1’(’1)01’1 11( ’1 ’(’ ii (:olt)l)l(~ll(tlsil’(” 111(  ’:lslll’(!lll(’llt  of tll(’

l)lollll)t  II  l,~]]lill  l-(1  (’x(:  it,iltio]l  fllll(t,iol) floll) llll’(sl] 01(1 to 1.S l((\/. ‘1’11(>  l ’ i i \ \ ’  (’xl) (’l’illl(’lltiil

(I;ltil (’OI’I’(’S]) 0 1 ) ( 1 ”  {() ol)S(’I’\Jii(  iollS”  of t 11(’ 1,~’llliill(}  sifj,llal  ill illl  illl~,l(>  o f  {)oc” to 111(’  illcicl(l[t

(il(’(’tl’oll  IJ(’illll  (Iil(:(t  ion illl(l  llil\7(’ to 1)(’ (’ol’I’(, (’t (’(l fol” ])olill’i7,ilt  ion  01 t  11(’ l“il(liiltioll, ;1S \\ ’(’11

:1S (“ii  S(”il(l(,  fi’olll IIig,l)(’r S t i l t ( ’ S .

S(’\7(’l’ill  il’i])(’(’tS  o f  0111”  111(  ’ilSlll”(’1  11(  ’llt  S :11”(’  si~,tlifi(tll)l:

1. ‘1111(> (xtc)lsioll o f  11)($ (X( ’ililtioll  fllll(tiol)  lll(’:lS1ll’(>l  ll(’ll(S  11]) 10  illl  (’11(’l’gJ’  o f  1.8 k(’\’

?lllo\$rS  ii si:,llifi(:llltly ( ’ 1 0 s ( ’ 1 ”  il])l)l”oil(’11  to 111(’  (Ioll)illilll  (’(> 0 1  tlI( HI”()  or(l(>r t(JIIII ill 1 II(’

fi]sl Ilol’11 il])l)l’OXi  ll]iitio]l.  ”

2. ‘l’ll(S ] ) 1 ( ’ S ( ’ 1 1 1  (’X])  (’l’illl(’lltiil il])l)l’()~1(  II 11S(’S i! 1110(  1(:1’11, (>ili(i(’llt s()(II  ((’ o f  ;Itollli( lIydro/,(’11

(’il]);ll)l(’  of I)ro(lll(itlf,  dtolll  (1(’llsiti(s  1111(  ’(’ ( ) [ (1 ( ’1 ’S  o f  IIlilp,llilll(l(’  ~,1’(’:lt(’l’  tllilll  tlloS(” lIS(’(1

1
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4.

i]) tlIc (.alli(~]  (,x])(’ti]]l(’lllill Ivoll,,

111 C(JIItjIaSt,  to ]Jr(\iol]s  Jvorli, \vlI(’1(’ aII oxy/,(’11 filt(~l  Lf’as lIs(:(l to isolat(” tlI(’ llyl IIitl l-a

Iitl(:, a \~lJ\/  sl)((tIOIII(t(I  i s  IIS(XI  foI lYaiT(l(IIg;tlI  s(l(ctioll. ‘1’l]is IIc)t olIly ac(llriit(ly

isoldlcs  tlic l,y II IaII-(1  (~lllissiolt, I)l{t ;11S() {jl’(’atl~’ ill(t(zis(s  (1)(: il((lll’il(’~ of tll(’ (l(t(:rll)i  -

IIatioll o f  tllc IIlol(’(’llliil (()]lt]il)l]li()]) to (11(’ ol)s(’1’\’(’(1  ])llotoll” sig]la].

\4~(’ lltl\J(’ (Id il S1;ll )1(’, Ilipl)  (lli(i(tlo  l,}’lllill  l-() (l(’((s(”(O1”  l)ii S(’(1 011  il ( ’ ( ’ S h i l l  (’(1 ( “ l l i l l l l l ( ’ l-

. .
11011 wit]l a  (]L121]II{IIII  (llici(’ll(y  of l~)(xl for 121.6 11111 Iil(liatioll

‘1’11(’  (I(tl(]]]li]l?itio]l  of illt(’~,l’ill  (’(l (]oss s((tiolls  lo]” ()])ti(”illlj’  illlo\$’(’(1  tlilllsiliolls  l’1 0111

(Jl)s(’lv:itiolls  of (11(’ I’; ldiillioll  Clllit 1(’cl  at (Iitll(’1 90C” 01” ilt {11(’ ‘lllilp,  iC illlp,l(’>  t)’~.?c’ }t’illl 1’(’S])(’(’1

(() 111(’ ill(i(lcllt  (’1(’(ll’ 011 1)( ’iilll (Iit(xtio]] ll:Is a lotI/)  iIt I(l \\(Lll (stal)lisli  ((l llistol~ (lIc(I(II(s

:Illtl (~;lllilf; ll(’1” [ 1  1 ] ,  \’all (1( ’1’ 11111 /,1 (’t :11. [1~~], l“ilij)(~lli  (’t i l l .  [:/(i]). 11(’r(’  \Y(’ l))c)\’i(l(’  ;I I)li(’f

({(+(ril)tioll  of tlI( II 1(1 II(J(I.

A 1)(’dill Of 11~{11’()~,(>11  iltJolI  IS, (’fl’(lsil]p, fl[)lll ii l“ii[lio fl’(’(jll(’ll(:~  (II) (Iiss(j(’iilt(jl’, is (’ l  OSS(> (! 1)~

ii l)(`ill ll()f(:lC!Ctl`(  )11 S()f\'~ll  `iill)l(!( `ll(>l`/,J~: lll(lC)l) S(`l'\7ilti()lIS  ill`(` lliiI(l(’oll 111(’ l,ylllilll-(i  c]l]issioli  :11

!)(){)  Ilsill P ~1 ~~<l(;  [llllll lllO1l(J(:I]IOIII;tl,OI  (01 \\~ii\~(~](~litt)]  s(~l(xti o)). At sl]flici(’]ltly  loI\  }) ICSSIII  (S,

1$ ’11(1(’ I;l(liatiolllcss (l(~d(ti\’;itJiol]  ;III(l S(’lf-ill  )Sol’j)tioll”  (’fl’(x’ls  (dl I l)c 11( ’gl CCl(’(1,  \v(’  writ( :1

sili]])l(’  J(:lilt,  iOll Slli])  l’(:liltill~,  111(’  l’ilt(’ o f  ])lloto]l”  r]i]issio]l, 1 .  ill a lr;ll]silio]]  fto]ll d stdt(:. )to

ii Jillill  S!/11(’ ?  ~S

\l’11(1(’ i, i s  tllc (’1(’(11011 I)(>illll (lllr(”llt ill (1(’(tlolis j)(’1’ S(Y’O1l (1, 111 i s  tlI( II II II Il)rr  (Icllsity of

111(’ l;ll’p,(:t  /,iiS, f i s  tlic  l)atll  l(llgtl)  o f  tlI( (Ic((M) II 1)(:1111 tllloll~,ll  tll(’ Iill’/,(’t,  illl(l Q7 i s

(11(’ totitl (10ss scctioll  f o r  tllc (x(itatio]) 1)1() ((’ss. ‘I’II IIS ;111 tll)Solllt(” 111( ’ilSLll’(’111(’llt  o f  {11(’

illt(t]si[y, lj,, l’iidiilt(’(1  ill illl (Ii](’(lio]ls, p,i\’(v+  tll(’ illt(,~)lat(xl  ([oss  s(’ctioll ])roli(l(’(1 tll(’ otll(l”

(xl)(’]i]ll(~]lt:(l  ])?ll’il  lll(’t(’l’S ill l’kl. 1 ;11(’ lillo\l’11. 111  p,(}ll(’l”ill  tll(’ 111)] )(>1’ l(’\’(>l j i s  ])()])lllilt  (’(1

i[l(lil(’(tly  l)J’ ]’ildiati\’(’ (’ii S(’i\(l(’, :ls\t(ll:l s(li]((  lljflot]lsl;tt(/. ‘I’lllls tool) tilill” tll(tl’(l(to  till

(’10ss  s((liolls f o r  cx(iliitio]l  flolll  tl)(, {I,lollll(l Still (,, i t  is  11( ’( ’( ’:mSill J’ to  lllilk(’ (oll(xtiol)s”  L.)]”

(ii: -(’;l(l(’ (lallsitiol)s.

‘ I  II(’ Iilt(! O f  ])llotoll” (]llissio]l tit all illl~,l(’ ( )  t o  (11( (’1(’(”11011 I)(XI III is  /,iv(ll 1)s

[

1  l’COS)()
/,,, (()): .:’”

‘ 7i 1 1’/:; 1

(/)

l\ ’ll(>l(’  1) i s  tll(’ ])olill’i Zdtioll” of (11(’ {,]]litt(xl  I’il(li;itioll iill(l (ll;ltci(t,(~liz(:s tll(’ allisotrol)j” of tll(’

(lllissioll  l) Ioc(:ss. ‘III(’ ])] ’( ’S(’11( (’Sl)(’l  illl(’llt; ll p)(’olll(’tl’j”  itli(,li(vi  ol)S(’I’\’ilti  ollS” ilt <1OO.  ‘ 1 ’ 1 1 1 1 S ,

IY(I  ol)tiiill

/,,,  : 47(1,,, (9(1’’)(I /’/:;) ( 3 )

A  III(:I:J(II(’lII(IIt of ’l, ),(!~()’))  ~’i(l(lsil]i ill)]);l!”(’111 (’[’oss  s(’([ioli  (/,(90{’) It’lii(lt 111[1,s! 1)(’ ( ’ 0 1 ’  1’(’( 1(-(1

1 0  ol)l(litl  tlI( tru(> illt(p,r;it((l c r o s s  s((tio l].



11 i s  IIOt  l)ossil)]c  t o  (lrlcr]]]ili( a l l  11)( fa(lors  ill (  1 )  dl)sollllcl,y, rcquiri]]~’,  a suitat)lc

llollll;ili7,;itic)ll l)]oc(,(llir(~  ill 0)(1(*)  to ))la((’ lII(s r(l;  iti\( lII(tIslll(]lI(’llts  011 al) :Il)sc)lllt(’ S(’alc.

011(” Of’ tll( IIlost, \\i(lc]y  [IS(Y]  t(:clllliqu(’s for t h i s  j)url)os(, i s  !()  llol]llaliy,(” tlIc data  to tl]c

Ilotll  :Ij)])toxi]t]:ltiol]”  at sl]fji(:i(:l]tly IIi$,lt (lI(r/,y ivli(l(’ i t s  I’ali(lity i s  asslll]lc(l  wllilc c]]suri]lp,

llIdt tl}( (1(.(  troII aII(l at,OIII  l)(Sa III ()\TcIla])  (10(s  1 1 0 1  \Ia Iy si$,  ]]ifi(dl)t IJ’ ds tllc i]lci(lr]lt  (’l((llo II

Cll(’lp,y  i s  lall]]~(’(1  froIII IIigll(’r t () l(J\\r(~I  (’]](t{~i(s. ‘I’J!I() (Ii  fl”(r(]ll l((lllli(ju(s  llsi]l{~  t h i s  I)asic

a])l)roacli  ar(’  ])lx>s(’]lt(,(l  ill tllc analysis of” 1}1(’s(~IIl (sl)(’)illl(~)lt. A  ((Jll\(’]ltiollill  11()]’lll;lliz;lli()]]

j)ro((xll]r(  I]si]lp,  a 11( ’111[’- l“:illo ])lot \\’as al)l)li(’(] ill 111(’ 111:  11111  (’I (I(s(lil)(d  I)y  1 1( ’(ldl(’ all(l

(;alla~,ll(l.  [ 1  1 ]  ill Ivl]i c]] tllc (:xj)(:]i]]](]lt;ll  (Iat;i i s  s(tIl(Yl  10 ;I])l)I():I(  II tll(  <Isj’tt]j)toti(  li]]]it

;It }Iip,}l  (II(l~,y (l(fill ((l I)j’ tlI( 11(’tll(-l’’;ll]()  lil](. ‘1’11( sI()])( aII(l il]t(rc(])[  o f ’  t h i s  11(111 (-1’: ITIo

Iill( arc ({( fill((l for AII \II~(OIl])l(d  ( 1 s  :J])) sj’si (III. A  tlol]]]:lliz~]llo]l” ])Ix)(”(*(lIII(*  II SIIIg a 111111  ~-

l):  IlaIII(l(I  illl:i])ti(  fit,til)g  fll]l(t,io]] Iv]li(ll i s  s(llsi{i\(  (C) tll( Slll)tl( (’{1(’cts  of :Illy ]Illlltistat(

(oll])lill~,  i s  ;IIs() l)I(w~IIl(Y1. ‘1’11( li]lliti]l~, fit(lo] ill ol)tilil)i]l{’, Ili[:ll dc(IIra(y ill CI(HS s((liorl

rtI(’iIslll(’ttI(*]It i]] this case is tlI(’  i flll(]lcc of ]I]llltistdt(  co[]])li]tp, lvlli(ll  (xt(’]tds  to II IIIISLlallj

f o r  1)1(’ 1 ( 1 s ~~j)) (’S(’i(~lti(Jll  1)1’()(’(’SS,

A . All:llyiic  hflt.t  II{,{ls

‘1111( f i r s t  1{0111 :I])l)]oxi]]]:ltio]l”  for (~lc(’t  I i( (lij)ol(~  (~xcit,  at ion i s  (I(w(ril)c(l  I)y  Mot 1 :11](1

h’lass(y  [1/’/]  i]]  tl]c forll)  o f  tll( 1110111(11(11111  tIa IIsf’(1  itlt(~,ral  ,

(4a)

( : (/{(/(,)2 (4}))

(40

(4d)

\vll(’1 ’(’ a,, i s  tfl(’ IIolit Ia(lii{s$ 7,, 1111(1(’:11 cl Ialp,(’  ()[’  111(’ tal’p{’t, ];, (II(Ig,\ o f ’  tlI(, illll)a(till~,

l);llt,i(](.  ill li~r(ll)(Ip)S, f’ll(li ) ,  P,(tl(’l;iliy,((l  os(ill:(tol” s(l(,llf;t]l {01 t]dljsi(ioii  flolll St Flt(’  1 10

stat(’ j ,  ]{ i s  t]l(~ JIlolll(])tlllll  ll;lllsf(~l ll)a{~llit[i(l(,, illl(l (dl IS tll(’ lo\V($l Slilt(’ (1( ’[~(’1l(’I’il  (’~’. A

11101(” ((]]lv(,]li(’]1(  \Vol”liil)fi  r(latiollsllil)  i s  lls(, (1 ill (x~llatiolls 4( a]I(l 1(1 ill \\lli(ll  111(’ IIlo]]l(’]]tlll]]

lr;IIIsf’(r illt(p,i:ll i s  1(. IzI1(YI  to tll( fIIII(l;IIII(II(al (ollisic)tl stlcll~,tll  (l~lilll(it~,  S/.

‘1’]1(~ ItIII~,(,  ( I f  ~ is [jiv(,li  I)y tl)c  l(~latiolls

(i



.

.

L$JIII’1( // i s  111( 1(,  (IL I((YI II I:ISS  o f  {lI(L c(jllisic)ll (01111)1(’S, aII(l III is tlI(’  IIIWS of tlI(L  illll)actor.

1( (11(’ ittll)actillf,  l)articl( i s  aII clcctlolI tll(’ I(latiollslli])s  rf(lll~( lo

(k) II IIar\’ 10 tlI(’ slal(III(I  IIt l)) II}okliti [:~ti), l)otll litll its IIIIIs1  I)(’ ;Il)l)litxl  t o  (11(1  illtcf,ral ill

[Jr(lf’1 (() ol)tail) all  acclltat( d(ril’atioll of I]lc 110]1] ;I])j)loxillltltioll”  (  I{(f’. [2!1]).  1’01 tllr 1 1  ( 1 s

:21)) llallsi(ioll, 111( ~:(llcl;lli~,((l  oscillator” SII(IIP,llI i s  p,i\(ll l))  [:J;’]

.fl)(~i) /’,’2 .:/’” :\- I((

1

( ]  . ,  :,()’

‘1’]1( St]l)st,il(](iot)  of” (’()  ill(() (4(1) ]((ll]c(’s  to

10
- (,,,,( ,

(l,? ~ (:; 111
( ‘ll

1 -1 ;,<
-1 }’; ”,”(, .,]:<)’

<I (,>,,  1,,

(1’)

(t-h)

(81))

(80

(8(I)

(::,/(~7 ().:1():11 (91))

(’(,/(:; ~ 0.’(:)01 (90

(“; ~ 1.41’( (M)

‘I’l Ic IIoltll:lliz;ltic)ll lJI()(((IIII(  (I(s(lil)((l  ill (I(tail l)~f 11( ’(1(11(’ illl(l (;tlllq,ll(’1’  [1 1] (’sscl  -

t  i;lll~’ forc(’s t  II( (xl)(lilil(}lt;ll  collisio)l” s{rcIIp,l II (Iat  a  (I)I(JII((I a:),aillst IOp,  (l;,)) to :1])] )1’0?1(’11

a  l;(tll(-1’atlo  lillc ;Isyllll)toti(tillj  at, llip,ll (II(Ip,  )J. ‘1111( foltllllldlioll” fol {Jllis II(:lli(-1’’allo lil}(

i s  (yllival(ll(  to rclatiol] $)a I)l]t lvitlloul tllc (:(;  tcrl]l. ‘1’1}( sIL)l)(I  (fl(t(lltlill(xl  flotll tlic co])-

S( aIIt (:7 ) i s  l(ldt(’(]  ( ( )  111( :IC((’1)( (YI ol)t i(al  o s c i l l a t o r  slI(’lIp,l II  :111(1  t 11(’ (’11(’l’f’,~’  it)t(’1((’l)t  i s

iix(xl ~lsitlf’;  tll( 110111 vdll]c 01” (;!, for aII 1111( ’011] )1( ’(1 Sysh’111. 111 illl altcrtlati\’(  l)olllltili~,?!tioll”

211)])I():LCI],  a II)o(lific(l  110111 dllal~rti(” f’[ltl(.t ion is Ilsul  [ 1  (j,;+ ()] to  f i t  t  Iic  collision s{ I(>llp,(ll  cLll”\ ’(’

()\J(r  t II(’  (.111 irc l;IIIgI,(’  of (~II(*r~)y. ‘j’]ljs is {!,i\(.11 I)jr ttl(’ ((lllatioll

(lo)

“(



\\ ’11( ’l’(’ 111($ il(l(]j~joll:[l  l,(IIIIS \\j{,]l (011 S1:1111s (j~l  (1,1, (1,s, l’(j)l’(~s(’llt ( ’ 1 ( ’ ( ’ 1 1 ’ 0 1 1  (’X(’11:111{),(’  ?11)(1  (’oil -

(i~l,llrtilioll  lllixjli~,  (c)]]t,lj])llt,jc)]ls  (() 111( l(Ildl (ollisioll sll(]If,ll]. A  I’(’SOJI:III  (’(” (’olll])oll(’llt” al

1111( s1)01(1 [2] js 11(){, jl)~](l(]((]  iII (  ] ( ) ) ,  1)1]( i s  I,r(’dt(:(l  ill a f(Jllo\\rill{\ l)al)(’r [ 3 1 ] .  ‘111](’  a])dly(ic

[ilt i]lp, l(xll]liqllc  ]Ias a(ll,:IIIt,;Ip,(>s  01(I  1 II( ((~)lv(l)t  iollal  IIct II(I- l“aII()  j) I()((dlII(:  1  )  It l)loti(l(yi

a 111( ’aslll’(’ of t,llc ltlap,tlitll(lc of 1,]}(, (l(~\Jial,iO1l  frolll tlic ]Iortl :Il)l)loxilll?ilioll” at IIigll (’ll(,l~,ics

(alls((l l)y  tlic i]lilll(~ll((’  o f  lllllltis l:lt(’(o  llj)lill~,,  aII(l  ;2) ‘1’11(’  I)(st f i t  fllll(tioll  IItiliz(w  tllc (~lltir(

(’ll(’l’{’)Jr 1“~’11{:(’ (l(~t(lltlitlitlf,  tl)(~ SII:I]J(J 11111(  lion of tlI(I  (xl)(tiltl(lital  (lat?i.

Atlalysis,  usillp, ((luatioll ] ( ) ,  of tllc r(c(llt (;(~(! c:llclll:iliolls of []’/] :111(1 tl)c Illodificatioll

of i 11(’s(’  l’(’s(lll, s I)y I\l’tlJ’  [20] 1( ’ad to il 1 illlp,(’ of \’dl II(w  of tll( (()(fli(i(~lits  (I(l)(ll(lil)p,  011 tlI(’ lli~,l)

(JII(~]’p,y tl(lll(.atioll o f  (1](, cla(ii  s(, t ‘1’ltis \’aliat  ion a.s (Iisc(lss  (’(1 fllitl](tt 1)(’I()\Y  i s  a]) ill(li(ato)

l)otlI  of 111(’ li(:a\’y  (olr(latiojl”  of t(,tlils  ~ili(l  liltlit,iitioll  ill :1( ’( ’[ll”il  (’j’ of 111(’ (;(;(; cal(llldtiotls :11

t  11(’ f(\v 1)(’1((’ttt  lc’i(’l. ‘1’llis fa(.1 s(ts a  I’llll( lillll(LlltZll lilllit 01] tll( al]ilit~’ t o  ol)tail] i)l(l(l)(ll(l(lil

;I((lltat(’  (Lxl)(’lilll(’llttll ]II(:ISII1(II]I(S]IIS  of [Ii( II ( I s 2])) (]oss  s((tioll  ilIIOLI~,lI  allal~’sis  of 111(

slld])(  f~lll(tioll ill sj)il(,  of tll( (xt(llsioll 01 1}1( lII(L;Isllt(tII(’IIls to 1 , 8  It(’\’.

‘1’11( {;cll(l:lliz((l  os(ill;  ltor st r(llp,t II (’/) is  I)as((]  0 1 1  111( 1111(0111)1(1(1  l)ro])(I t i(s o f  t II(’ 1 s ?1)

(ollfip,llt  dliol]. A s  \~J()  S!IOW  l)(Ilo\Y,  t]ic IS :~1)  (’x(il~ltioli  f~l))(tio]l  lJotlI (xl)(lilll(llt:ill~’  :111(1

tll(ol(ti(;lll~  lIiIs th( (lltil?i(l(tisti(s  01” a ll(aIily (011])1((1 sysl(oi II lilat (’xt(ll(ls [)lr(:r a  1)10:1(1

ill) ])a(’t (’llcl’p,y  rallg(’, ill(lic;ll illp, s(ll)st:lllli  ill (l(\ridtiolt flolll tll(’slldl)(’of  (’/). ‘J’1](.t(rl])silt  (9d

tl]at (I(j)(ll(loli  1,11( ’slliil  )(oftll (/,( ll(tilli7,((l  os(illiltolstl(ll~)(tl,”  (;:, a n d  (~(; , ttl(’1’rfol’(” SIIOUI(I

IIot lx 1(’~,dI(lcd  a s  a((IIIatr  (Iual]titi(s. ‘1’II(w i s  I I( )  il)(li(atiol] t]lat tl)( oj)ti(a]  oscillator

St,l’(’1l/, t II (“al(’lllat,  (!(l fl’0111 t,llc (;011]01111)” :I])])l”oxl lll:l(,l[)ll (l{(. f. [w]) I S  111( ’:1s111’;1
,.

I)lj’ aff[x’t(  ’(1 l)y

co(ll)lill{~) al](l wc assll]t)(’  tllatl t,l)(’ val(](’ of (:7 is a(”(:lllat(,l~’  d(~t(~lriiillcd  I)j’  1’2].  9 ( 1 .

A. A])])arntus

‘1’11(’  (x]){’lilll(:llt;ll  a])])alal,l]s  i s  slIoliIII s(ll(>llt;lti(tilly ill ]’ij:ll]( ? .  It (otlsists of aII (.1( ’(1 I’(JII

iltll):l(l (l]a]]ll)(:r  (J(lllil)l)(,(l  lvitll  all alollli(” 11~’(lrof;(>l)  sOIII((’, ill ta]l(l(’l]i  \vitll a (1.2 IIlct (’1

\/ll\~  IIlollo(llloltl:lt,()} (l(so]lil)p, l)()\\(I 2.F)()) :11](1 (;sl-((mk(l  (lid II II(ltm  II (1(, t((tor l)ositioll(d

:Ift([ 111(’  (sit  s l i t  of 111(1  II I(j]I()(lI  I()tIIi  It()I ‘1’\Y() \J(]j’  (Ii  fl’(l(tll (1((1 roll p,(llts  lIa\’( I)C(II Us(’(1

ill tll( 1)1(’s(llt (Jxj)(’lilll(llt: a r(,lativ(~l~’  sillll)l(~ ;3 (Jl(~tti(’IIt  P,IIII \vlli(ll (1s(s  IIlap,ll(tic fi(l(l

(olllill(~til(~llt  a]ld a 6 (sl(]]I(~IIl  (’l(~(lrostilti(  {),1111, (1(’si{~ll(’(1  ;Itlcl  collstr[l(t(d  l)j liiltll)all l ’ l i j ’ s i t s .

111(’ [*]. ‘1’11(1 II)ap,t)(ti(  gLIII, slIOIv]I  ill I’if,lll( :?, \\’:ls Ils(’(1  for lo\\” (’11( ’l’f,y JIl(’:l slll’(’11)(’llt!i,

\vl)il(’  II](I (~l((t,lostati( ~,IltI (l~iglll(’ 3 )  \Y;Is  (1s((1  for tll( llif~ll(’t  (11(’l~i(s. ‘1’1]( I]sc of t\l’()

(Iifl’(l(tll {~111) (I(,sip,tls  i s  (rll(ial to 111(, SL](((>SS  of 111(> l)r(’s(tl{  (Jxl)(riltl(,l]t ‘I’() :t(llic\( tl](

(’OI’1(  ’(’1 IIoll]ltiliy,ilt,ioll,”  it, i s  (~SS(Jllljill 10 Ill(il\ll] ’(, 1]1(~  V(JI}’  \v(, iIli sipll;lls  :1[, ]Iip,lt  (.tl(’r{~i(w  t{)

llip,l~ il(’(’lll”il(~. Sill((j  tli( (oltfillill~, llla{~ll(ti( li(l(l tral)s  S(’(”oll(lill’~ (Jl(vtlol)s  floltl iolliziltioll

])1’[)(’(’SS(’S, illl(1  f(ll’tll (’1” sill((  tll(’ lllilf~ll(ti(  /,1111 (l(si~,ll i s  S11(’11  lllill  il Slllilll  11111111  )(’1’  of lo\\”

(’11( ’r[l,y s(’(’olldari(’s  ill’(’ jll(’vjt,al)]}!  ])l’()(  1 1 1 (  (~(] flolll (ollisiolls”  ilt I)jp,ll (’11(’r~,i(~s  11’itll tll(’ /,1111

i\])(’lt\ll (’S, it is C. SS(hlltjiil]}r jlll])OSSjl)l(”  t o  l’(.  i\(’]1  t]l(> ]]01”1)  Ijll)j( :1{ ])j~,]l  (’11( ’I’~, j(’S Ivit]l  ii II)ilgl)(’ti(’

{>)(lll. ‘I IIIIIS,  il W(:]l  (I(sip,ll  ((l (l(xttostilti(  ~,lltl i s  (ss(llt  ia] I’ol  111( Ilip,l] (’lt(l$,~’  Ill(:islllclll(  ’llt:.

011 111(’ (ltll(:l’ 11:111(1, it i s  (Ii  fli(llll to ll~:lilllhill  il (olIstiIllt  I)(;IIII  (1’():ss s(([ioll (Ioii’11 10 tllc  lol!’(%t

(’ll(l{!,i(~s  Ilsillp,  all  (’1(’(’t  l’osti(t,i(” /)(111 ,  iI!I(l tli(’ (,xj)(~lilll(>lll;ll si~,l]iil i s  s(*llsitiJ(~  ill  tJII(L ])rrs(’111



.

(’~])  (’l’illl(’l}f, to ;I])}J (:]]~]Ig(! i]) (,]1(’ (’](’(’(, ]’011 })(’tl]]l/jI {()]])  ])(’[11]1  ()\)(’] ]?I]), \/arialioI)s i]] tl)( siz(

of tl)(’ (I(YII(J]I lJ(~aIII  :IIC c~ssoltially  1( ’I II()\’(Kl  l)}’  tlI(’  [IS( (I{ IIlap)ll(tic  fi(’1(1  (ollfill(’l]l(~llt.

‘1’11(  IIlag,tlctic  C] Kt,IOII  ~{111  aIId Il)ollo(lllol))tit,ol  syst(JI  IIs lIiI\( I)(xII  (I(v+(ril)  (xl ill (I(tail i])

(I;lrli(t  l)ul)li(atiol)s [ 3 3 , 3 4 ] . ‘l)l)(rl]]iollic (l((t rolls  I)IO(III((KI 1)~ Il(at illp,  a tllll~,sl(ll  filaltl(tlt

:Ir(’ (IxtI actc(l l)y a l)icrc(: c1(YII()(lc aII(l (*xl ra(l 01 I(JIIS  collll)illat  iotl al)(l  ac(’(’1(’l  at(xl 01 d(’-

(“(’1(’l’at(’(1 l)y al I al)clt,llrc 1(’lls  (or allo({(’) (() :lclii(,v(~ tl)(’ filial (’11(’I p,y. ‘1’11(’ (’1(’(tloll  l)(a)))  i s

(ollillltll(>(l  I)y 1,1)(: a x i a l l y  syll]l)l(,lri(  l)la{;]l(,l,i(  fi(,ld ((io (1:111ss) 1)10( 111((’(1 I)?r a (I(la(lrlll)ol(”

sol(~]loi(l” :IIliII Ip,cIt  1(:1 It. IIalll])itlp,  01 tlI(  (1((11011  l)(aI  II (SII(IIp,,J  i s  (01111011  ((1” Ijy a IItlllti(l):illll(l

:IIIalyz(~r  (M(~A), ;IJI(I tll(! dtltti ar(~ :1(  ’( ’L II II II I: 1( (’(1 ill t,l I(J L1 (’A II I(~IIIOry.

‘1111(1  (l((llost,:itic  p)LIII  }i’as (I IS1OIII  (I(sip,}l  ((l  a s  a (0111])1(1(  slll)s~sl(ll)  l)J’ l<il)ll)all  l ’ l l j ’ s i t s ,

III(. aII(l  (Is(s a llllil)oi(lliial rcfra(tor~r  II I(lal  (atllo(l(  to lH()(III(( a I)(a]il of” Iolv (lI(r#,J’

s])r(>~I(l  (w().:{  (:\~).  ]Iy IIS(.  of IIl([ltist,tlp,ill[,,  aII(]  a (0111])  llt(,l-( l(sip,  il(’(1  7,()()111  1( ’11s,  a collst,  al]t

f’()(iIl  1)1:1]1( l)ositiol]” i s  II)ailltaill((l oi(t tl)( (II(Ir,y  ra])~),( fro])) 1(1 (\/  10 :?. () I{(V, Nit II a

(ol)stallt  sl)ot s i z e  (wl .3111]  II (Iialtl(,tcr)  ill tll( I;III{IC J)()-  1 S()() (’\;.  ‘1’11( (li]((t  io]l of t 1)( olltl)(lt

])(’:111)  (’:111  ])(’ (“()] )tm]l(d  l)y a s(’t  o f  ~ :111(1  }’ (1( ’f](’(”[Ol”S. (~(III(IIis o f  -. f) }(A aM t}rl)i(al ;Lt

<111 (J]l(r{:i(s.  l’lo$,tttlllt  )lzll)l( l)oi!(}slll)j)l  i(s” l)to{i(l(i’olttl{l,(’s”  fol:lll oftll(f,(]ll (’1(1 ]1(11(s.  ‘1’11(’

(’l~{i](’ ~,1111 ol)(ratioll” i s  (olltloll(’(1” l))’ a 1)(:  ()])(,l”illill~,  ill a 1,:11) \4)ill(loivs [j] (’llt’ilolll]l(lil.

A  (1((1) 11’iII:I(lzIy(LIl)  (asl)((t  j:ltio-l  o:l), (l(sip,ll((l”  t,()(li  ti)il)i  it(l) il(l<s(iitt(’1((1  s(xoII(laIj

(’1(’(trol]s, i s  llsc(l to (:011(:(1 alI(l IIlol]il,or 111(* (Ll((iro]]  l)ca]])  (I II I(LIIi.  ‘1111(,  lea] suIfa(c  o f  111(’

illll(>l  l(’al’a({ay  (;ul) i s  el(~ctlic,:llly  isolat(>(l  f’lolII 111(’  ollt,(’1  cylill(l(.1  illl(l  i s  Coat(d  w i t ] )  (’~1’l)oll

s o o t . ”  IIy sllital)l(  I)iasillg (tyl)i(iilly  tl]( itlll(l (III) i s  al -160 volts all(l  111( o u t e r  cylil)(l(>l

at -[ 1 0  v o l t s ) ,  11101’C tllall {)<)[~)  of :1]1 (,11( ((lll(])t  ~I])l)(:IIs  it]  11]( illll(l l~ala(la~  (;ll]) at all

cll(’rp,i(~s~ tll(l(,Ill  <iill(l(ll)(i  ll:,(oll(  ’(t((loll”  tlI(OIIt(I  cylil)(l(l.  hf(’;is(ll(ll)(l)tsof  tllc lJJ’Jllal  I-(}

si~,tlal  W(,I(,  (arli(:(l 0111, for a lal~,(~  1:111:(.  of I)ias  i)ol(agcs  alI(l  (.1(.(11011  (’llcJp,i(’s  to Cllsur(’  tll:lt

ally fi(’1(1  lj(’~l(,tltlti{)ll  o f  (;u])  l’o]tagcs  into III(, illt,(’r:l(t,iolt  r(,{~i(jll  (Ii(l [lot ]ca(l  10 (jllcll(llil)g,  of

111(’tast:Il)l(’  atol IIs \\’itl)ill  LII(J  (i(lcl  o f  \i(, \v (If tlI(’ (l(~t(~ctiol)  s\sl<l II. K’() (’fl”(’ct  \\’ds ol)s(’l”\’C(l,

ill(lictllill~,  tlltll  fir](l l}cllctldtio]l fro]]) tlI(, l“il{’il(l~  l)’ (;lI]) J!’as II()( ;I sif,llifi(all(  (’fl’ccl.

‘I’ll(; lto]]]i  (l]y[l]op;(]l”  soIII((]Ias  I)(YII (l(s(lil)~y]  ill  (I(tail  1)) Sl(iili:jll(l  St(llill~, [;3f)] ;111(1

i s  slI(Jiv]] ill I“ip,u]c 4 .  IIy(lrqy’11 IIlol(’(”lll (’s ;11”(’ (Iisso(idt(’(1  ill ~1 (lis(.lldr~,t’,  (’xcit (’c] ~YitlIill

dll  rf (;ll’i{y, r(wllal)t  at 36 fVlllz. IIy(ll’(){’,(’11 atollls (’(1”[1s(’ 11’o111  111(’  \\’al(’l’  C()()l(d  1’J’I”CY

(lis(l]tlr~,(  tIIl)  (~, ])ilst, a \~ll\~  ])llotoll” t]:]])  all(l tlll”ollgll a I ]11111  (:l])illary into a  fi(l(l-fl(’{

itlt(’l;l(lioll  r(’p,ioll \\’lI(JI(,  t,l)(,~  aw CIOSS(J(l  l\illl [Ij(, (’l(J(llOII  lI(dt II. l’llotc  )lls(lli  it((,(lflol~l”  tlI(

illl(~ra((iol) l(~,iolt  aII(l ortl)()~,()tl:ll  to tlI(~  (l(,(tjoll  :111(1  :11[)  111 II(; II II:; aI( \\’aw’l(vlp,  (ll S(’1(’(”tc(l

l)) a \/\]\/ II IOIIOCIIIC  )11121  (,01  Wit,]l slit, I*,i(lllls (lIoq(II  to (II SIII(  il(l((lliat(  s(l)ara(iol)  o f  atoltlic

liit( (Jttlissiolls. ‘1’liis la(liatiol] i s  {I(l(ct(xl Ijy il (II; III I](’11101]. (():11  ((1 Ititll  a suital)lc  (~sl

I;lyc>l 10 (1111:111((1 (Iutll)tllt]l  (Lfli(i(ll(y  at 1;/], (; l]]]]  ‘J’]1(  (,fl’((til(l)(ss  of tlj( ])llot,oll”  t]:!]) ill

I)r(v(’lltill:,, sl]ay l)llotolls,” p,(l](rill((l  ltit]lil]  tl]( (lis(l]; lrp,( tlll)(, I’lt)l]] 1)(’itlp, (l(’t(’(t(  ’ ( l  Ij’ds

l’c’tifi(’(1  I)j lil(’:isuli])~, t,l](’  sj)(,  (l IL III I ]) I()(ILI((YI ill llIe  al~s(II((  01 III( (’x(itillp,  (11(’ctto]I  l)caltl.

No IIl(:lsllldl)l(  l,yl])a]l-a  radiation Ivds  (l(t((t(  ’(l 1]]1(1(1 tll(s(  ((~ll(litiol)s.

‘1’11( \~ll\r  IIlo]lo(l}l’ol]lato]  syst(lII  i s  I(){;lt(yl SIICII tll:lt  tlI( l)l;III(  (I([il]((l I)y tl]( ]lIo]Io(lI1’()

II)atot (s]IIIaII((~ slit :111(1 ()])ti(  a x i s  i s  al 4f)(’ 10 111( (I(YIIOII  l)(dI II dxis (  S(C l“i~,(]l(  [)).  ‘1’llis

ori(.llt:itioll”  r(’ll)(~v(w  l)c)laliz:ttioll  (, fl’c(ts t IIill  llliIJ’ I.)(s  ilt(lll (((l I)J  (11( ll]()])()(ll]()l])tlt()l  all(i

(Ict((tor s)st(ttls, as (lrs(lil~c({  I)y (;IOII(  ali(l 11(({(11(: [36] a])({  I) OII;  II(ISOII” ct a l .  [;3’/].

l)l((is(  \viI\(l(’1l/,  tlI s(:lcct  ion, ~lsill~,  t]l(,  \’ll\~ IIlollo(’lll  ”olll<llol, i s  ;I (liti (al fa(tol ill (l~lal]

til~ilip, tll( lllol(l’(llat” (()]ltlil)(lti()]l  to tlI(I  [)l)s(lt’((1  l,y II IaII-(1 si}’,llal. ‘1’11( IIS(S of ;III oxyp,c’11



filt(r ill tlI( ])r(l’iol]s  \vc)Ik  o f  l,(JII~;  (t a].  [11  ;III(] \4~illiallls [:/,:\] itltlo(l~l((s  Illl((lttli]lty  as to

l)r(xis(ly  lvl Iat Sl)((tIIIIII i s  lr:illstllitt((l  to tll( (1( ’t(’(tol’. All OXYF,(II filtct lIaS ?I (I:illslllissioll

ivill(low tlIat s1)2111s s(, v(sral  II Iol(J(.IIlal  (~Iilissiol)s. I t  i s  (Iifli(lilt ill })la(ti(c 10 ac(lllatcly es(i-

Itlatc’ tlI(’ II IO I(L(LI1211 (ollt(.llt  ill tlI(’ ol)s(JIi’(~(1 signal  wII(’11 al I oxy~+II filt(.1 i s  LIS((I, (III{ to tll(

llllil~’tlilttl)ilit}’  o f  ac(LIIal(J  al)sorl)tioll  {I; ita fol tll(, IIigll l)r(’ssllr(% at, ivl]i(”ll t lI(w filt, cls a~c

11s(’(1. ‘1’llis Illl((rtail)ty (olltlil)llt((l  to t  II(!  ldl~,(’  syst(ltlat ic (1101 fo(lll(l  fol 111( (Iissocialii(

(’1’oss S(’(”t l o l l  for I,,yllldll  (t fro]]) 112 IIS(XI  ;IS a (alil)ratiol) st ;III(I:II(I fol lIIal Ij J(:IIs [ 1  6 ] .  ‘1’11(

11S(’ of ;I IIlollo(’]ll’  ollldtol’ \Yi!]  (Sll:l])](’ f(ltlll’(’ 111(  ’: IS LII(’1ll(’l  IIS h) ])(>  IIld(](’  !Vit]l  t]li  S ill)])Z1l’fitllS (){’

tlI( (Jx(itdtioll fllll(tiolls  of otl I(I II 1(1111) (IS (If tlic l,yl II: III s(ti (s.

‘1111( (vlliw (xl)(’litl](tlt;ll  syst(III  i s  illt(rfa((’(1  to a  1 ’ ( ’  \vlli(ll IIlollit(]rs illl iltll)ortallt  (IY-

1)(1 ittl(lli:tl l)alalII(t(rs  alI(l (olItrols (11( (’l((trolI  1)(’alll  (’11( ’1’/,)’ ill tlI(’ case of tlI( (’l(xtrost~~ti(

[~,(111. N’l(as(lr((l  si~)tl~tls  ;II( 1101 lllali7,((l to ill(’ elect  1’011 1)( ’alll (’LI1’I’(’II1  dll(l ]1~’dl(J/,(’11  Solll(  (’

]) I(WIIIC  (111(  ’: ISIIIYI(I I))’  a \(IIy s1:II)I(  aII(l  a((IIIat(~  \’ariall M()(l(l  (~lllYIX - I 1-(101 cdlm(itall(c

III;IIIOIII(II(’1),  (’litllillatillp, i’;llidtiolls

:11(* ti(’(lltll(llilt(’(1  ill iI llllillil)l(~ s(al It

111(  ’lltal ]); ll’;illl(’t(’l’s.

11. <:orrecti

I I  llI(ss( (Illalltiti(v+  a s  sollr((s  of sjst(tllati(  (1101. l)dtd

ill{,, lllo(l(~ to l“(’(l(l  (’(’ t  II( (fi”(cts 01 (I r i f t  ill 0111(’I (xjwli-

II) ])roceclure for l)ola rimi  ion

I ,JJIIIaII (Y sip,llals  II I(!asur(xl  at 900 aw corwctc(l for l)olarizdlioll ill t  II( lIIalIll(’1 dcscl il)(d

ill S(.(.  11  ill order to oljt;iill  \’alII(s fc)l tll(~  t o t a l  c r o s s  s(’(tioll. III tllc r(p,ioll fmlll tllr(:sll  old

to 200 (:\/, tllc wilurs  for l)olarizatioll III(:ISIIM:(I  l)y ott (t a l .  [ 9 ]  Jwrc 11s(:(1 to cormt 0111

(~xl)(’1  illl(,lltal (Iat)a. A t  (ll(lg)i(s  al)ov( l~[lo (\J, 11)( I)oldliy,;ltio]l” (al((llatiolls  o f  M(l’drldll(

[:;s] L1’(’l (’ Us(’d. licf. [:W]  Cllll)loy(’(1 a II(JIII l]]()((xl(lr(  t{) fill(l l;IIII(s for  l)olalizatio]l” 1’  Ilrllicll

ill’(’  l(’l)l’OS(Jllt(i(l 1)~ tll(’ fol’lllllltl

(11)

\\ ’11( ’1”(’ /1[, : 8.:33’( (’v all(l  )’()  ~ ().41?, i s  tll( l)012ili7J;ltioll”  l)alalll(t(l  [ij!)].

\47( 11s(’ 111( al)ov( (Ii(llotolllj,” ill sj)it( (jr tlI( a~ailal)ilitj’  of (Iata frol)i ott (t a l .  [9] iIl)oi’(”

:/()() (\/, l)(:(aus( t,ll( 01 t  (ldta lIa\r( r(latil(’1~ lar~,c CIIOIS ill t h i s  r(~,ioll aII(l il’(’  1)(’li(~t”(’

t  II(, AI(I’’:III:III(,  (Iata  :11( 11101(  )xliill)l(.  llof\(I’(:1,  if sIIOIII(I IJ( (lll])llasiz((l  t lIat  \vl Iat(\(l

al)] )Ioi 1(1 I i s  tak(~]l  to ll]is l)olari7,atioll”  (otl(~(tioll,” tllc corr((tiotl”  its(lf i s  IIot lal~)(,  lall~,illp,

t;. ~~orrcct io]l l)roc(,dllre  f o r  ]nolcclllar cll~issioll cc)llttilllilifkti(}ll

Silicc ttl( lly(lrog,(ll I)(al]] i s  IIOt  f(lll~ (Iissociatc(l,  (11( 01)s(11’((1  l)llotoll”  si~,tl:il  at

ol)taill(~(l with tlic’ rf (lis(llat~,(,, contains ;I ((jllllil)(ltioll  ftolll II Iol(~(LIld  I (Jlllissioll  iflli(ll Itlllst

I)(’ (Ill;tlltific(l  alI(l slll)lla(l((l  ill or(l(l  10 oljtaill  111( IIct (( -1 1 1 )  (Jx(ilatioll Illll(tioll. ‘1’11(

IIIOI((II1;II ((JIIIJ)OII(’111 r(’s IIlls 110111 l,~IIIa II (} t~l(liat,iol} l)I()(III((J(I I)j’  (lisso(iati~(” (xcitdtioll of

111( Itl(jl(’(111(’,  as Jv(’11 as ra(lizltiotl flottl Itlol((lllar  l)al I(ls ttallsltlitl(xl  I)J’ tll(’ l)ali(l])ass  of 111(’

IIIOII(j(lItolII:Itol (lJWllh!l :J.4 11111 at t~l)i(dl s l i t  \vi(ltlls of 6 0 0 ”  //111). 1 1 )  01”(1(’1”  10 (“ol’1’(’(’t  [II(’

10
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]111’:IsIII(x1  (:xtitatic)ll  fLIIICt  ion f’or (,llis  ]IIol(’c[llaI (01)1 Iil)lltioll, t  II(’  (Iisso(idt  ion fltl(t io]l 11111s1

1)( l))(asllr((l,  tog(t,lI(I lvitll 111( (olt(s])oll(litl{:”  cx(itatioll flill(tioll l~itl) tll(’ (Iis(llarge o f  I ’ .

‘1111(’ (Iisso(iatiol)”  Ira(tiolt i s  (stal)lis]l((l  ill (11( II IalIIICr duwril)ul  I)y l“oltlll(l  (t a l .  [40]

l)y lullili~;  tlIr IIIOII()(III(JIII:I1()I 1 0  :111 1 12  l]lol(x.lllar  IMII(l at 1  1 0 . ( )  11111  (lvitll  tl]c I)a]ldl)a:s

a(]~us{(’(1  (() (> X( ’] U(l(’ atl}’ atollli(” (OJII]JOIICIII°  fIOIII  l,y II IaII-() 0 1  I) J’III:III  -{j)  atId  II]casurillg

tlI(’  lIIol(Tlllal  (:lllissiol)  ivitll  tlI(’  (Iis(lla)p,(  011 :111(1  ofl” at tlI(’ sal])(  IIy(llog(li Solll((  (lrivi]l~,

])1”(’ssllrc  all(l (’1(’(’11’011 1)( ’alll (“111’1’(’llt. ‘1’11( (Iisso(iiltioll”  fractiol] 1) i s  (11(’ ra(io c)f atollls to 111(

totlal IIIIIIIl)(r  of l)arlicl(s ill {lIc I) C:IIII  aII(l i s  t(lat((~  to tlIrs( 1 ifo si~,llals  SI ((liscllarp,c  011)

ofl )  l))’  111(>  I(latiollslli]);III(l S2  ((lisclldrp)c

() ~ s’,
)), ,. “~

‘1 ‘, ;$’2
(]:/)

lvll(’t(’ ‘ 1 ’1  al](l  ‘1’1  :11(’  t II(J (’fl’(’(ti\( kill(~li(  1(’IIIl)(ItIIIII(Js  ill 111(’  {I,; IS lJ(>tIIII \\’itll III(’ (Iis(ll:llp, (’ 011

:1])(I  ojl’, 1(’s])(~(ti}~(’1~’. \Y(K)ls(~i (’t dl. [ 4  1] dll(l 11’ot:lll(l  (’t a]. [10] 111(’:ISIII(’(1 tlI(w’ l(illctic t(’lll-

l)(ratllr(s  ill all i(l(llt i(al sol]](() :11)(1 folll)(l  tll;lt t  II(’  t\\’() 1(1111)(1:11 111(’s il’(’l’c ((ltidl, (()]lfillllill/,

tlI( r(’aso])al)l( assIItIIl)t ic))l t  Ilal t II(,  sour(( itl(l(((l t ll(rll]dli7,(s  [ 1]( IIJ(IIOF,(SII l)cdl II.

OIIC( tl]( (Iissociatiol]  frd(tioll l)as I)(ctl (s[al)lisllcd, tl)( 1)(( (( -1 1 1 )  IJyltlall-n  si$,llal S}l

(’all  1)(’ ol)tilill(xl  fl’olll 111( ’;lslll”(’1  11( ’llts of Sj a n d  Sy lllild[’  at IJylll  all-o  w’illl tll(’ (Iis(llarp,c  011

all(l  off, r(sl)(xt ivcly, Ilsillp, 1 I]r l(ldtiol}sl}il)  (I(riv (x] I)J’ [4(1]

s’,, : s’, ( I - l))f’~ (13)

‘1’llis colt((tioll”  l)roc(’(lllr(’  i s  :Il)i)li((l at (’a(l) (1(((]011 illll)a(t  (Jll(’l$:j’ I)y IIlcasllrillp,  (x(itatioll

fllllctiolls LIll(l(l  111( salll( (ol)(litiolls”  lfitll tll( (lis(lldl~)(  011 alI(l  (Jfl”.

‘J’y])ical  \tLJ\r clllissioll slw(t,ra l)r(d~l(d l)) cl(xtro]l illll)a(t  at, 100 (>V ivilll  (lIC 1{1”

(Iis(llalp,(, 0 1 1  aII(l ofl” :II(J  SlI()\IIII  ill l{’i~,~lr(~ 6  a l a s])(’(l Ial l(sollltiotl” of ~) 11111  (lp\fi)llh4).  ‘1’11(.

S: II II(, IIIO1(CIII:II sul)tractio]l  l) I()((xIuI(’  II S(, (l fol 1,11(’ (,xcittatioll fllll(tioll (lata (’:111 I)(’ al)l)lic(l

to tll(w SI)((lI:I, yi(’l(lillp, 11]( ll(~t ((~-l 1 1 )  sl)(’(tttllt)  also slIOI\II ill 1+’ip,lirc 6. l,~l]lal)  s(li(s

111( ’1111 )(!1’s11]) 10 II ~ 6 (:11) I)( clca Ily i(l(lltifi((l ill 0111 tlct (c -1 11) s1)((lIII]]I,  to~,(tli(l  wit]) {1[(’

s(, ri(ts litl)it  at 91.1113  III]). ‘111)(, III()](CLI]:II lJiIII(lS  aIOIIII(l 1 1 0 . ( )  11111 1]s((1 ill 11)( (I(t(llllill;lti(,ll

of 111(’ (Iisso(iatioll”  fra(tioll  (all 1)(. see]}  ill tlt( sl)(.(t  III III of tlI(’  Ill}(lisso(izltc’cl III(JI(’(lI1?II 1)(’:1111.

A  tyl)i(;ll  ialt](  for tl]( II I(:ISIII((I  (Iisso(iilt i(~)l I’]<(c( ion i s  ().(i~)  :1 0,01/.

Sil)(r tli( 11(:/1)) (Jx(it(fl  stat(> COIIII(XIS  ra(lialii(lj \Yitl)  tlIr F)tc)lltl(l slat[, ii i s  critic~ll to

(’lIsIlrc  llIal  1 II(’ (,xcitatiol)  fllll(’t  iol]  III(~:ISIII(,III(,IItS iII(J flx~(’ flc)ltl  r(~soIIaII((,  ra(liatioll tldl)l)ili~,

(’fl’(’cts.  ol)(’]:ltill~,  1111(1 (’1 litlll(ls(,ll  coll(lit ic)lls  al t  II(I 1)(’alI)  Solll’(( l)lx’s(’l’vc’s  a lil)(al r(ltltioll-

sl)i])  l)(JtI\I(YJII 1,11(,  sOIII  ((” 1)1(  ’ss III(’  ;III(I t]I(’ 11(11111 )(’ I (Ictlsit,y ill tlt(~ il)t(’lactiol)  r(~flioll. 11’ip,llr(’ ‘1

illllstrat(’s  tl)( 1(’latiollsllil) l)(,tIYc(,II t,l Ic SOIIIC( l)l(JssII1(*  (l IIcaslIIr(l  I)j’  tlIc \~aliall  cal)acita]l((’

111:111  olll(’t’(’l’)  a n d  t’11(’ IJylll?lll  (t sip,lldl (Iel((l  ((l [Il. I ( ) ( )  (V. ‘I1l I(W (Iat a  \(lify tit( al)s(]l((  (If

r(wllall(x~ ra(liatioll trill)l)illp, lo]” Solll”c(” ])1’(’shill’(’h 1(’ss t!llall 4 6  111’1’orl’,  Wll(’]  (’ 1 II(’ ( l ( ’ t ( ’ ( ’ t ( ’ ( l

1)1 IoloII sip,ll:ll i s  l)lol)oltiotl;il  to tli(’ lIJ’(IIOJ’,($11  solll’(’(”  ])1’(’SS111”(’ ?Ill of’ tllc 11)( ’:lslll’(’1  11( ’llts

1(:1)()]1(’(1 11( ’1(’ Mr(>r(’ ol)laill((l  al IIy(lrOp,(hll  1)1(’~sllt(s  of A 4 0  111’1’01”1’.

II



‘1’11( OI)S(IV(.(1  ],y]]]all-o l)]IcjtoII sip,tlal it)(l[](l(s  a (OIIIIil)llliolI” frc)lII tlt( CIway of lliF,ll(’r

lyi]lf’, sl;lt(s(t is(a(lill~,  i]lt,otl)(~}l)l(’v(l. ‘1’llis llilS I)((’l}  (’:il(’lllal( ’(1  IIsillp)all  :~toltli(lty(llop,(’li”

lllod(’1 Col)slru(”tc(l  (() tll(’  I I  = !] Icv(:l, witl] a collisiollal  rit(liaiil(  ((l~lilil)li~lt]l CO(IC [ 4 1 2 , 3 1 ] ,

w’lli(ll  (’slaljlisll(w  tl](, (’lt]issioll  lill(: illt(’llsiti(s fol (11( (lllil(  sj’sl(iIl 10 a S(’l(xt(xl  l)rillci});il

(1112111[1111) 11111111)(’I (11){)(’1  lill]il, ])lovi(lillp, aII (txa(l (til(llldlioll of tl}(’ (dsca(l(’  colltril)utioll”

10]  (11( {),iJ(ll cross s(~(tiolls. (;]oss  s(((iolts i]) tl)( lt]()(l(l  {’01 111( II])  oll)itals lIa\’(  1)((’11

(iIl(IIli  It((l I)y s(alillp, tll( ( 1 s 11)) (IOSS s((lioll ol)tai]l  (xl I)J Illaj [2(1],  ac(ot(lillg t o  tll(

os(illatol”  St]CJIF,tJII  o f  tl](’ trallsitiol]. l’;xcitatioll (10ss s((tiol)h to tll( 11s illl(l 11(1 l(i’(’ls IIair(

also I)((il  (1(1.  iv((l froltl ]Iray [20]. ‘111]( cas(aclc  col)tril)lltioll lIas lxclI (stal)lisllcd a s  aIi

allillJrli(” f~lllctioll lIsi IIg ( 1 0 )  lvitll co(:flicict)ts p,ivcl]  ill ‘1’:il)l(’  1 .

‘1’11(  (; Is(;I(l(  (ollttil)ll(io]l  calcIIlat(Yl II(I( lIas  I)(YII  (OItIl)al((l  10  111( (dlc~llat(’(1  casca(l(’

(ort(~(liolls”  l)as(d 011 llI(J h401tisoll  ;III(I 1{11(1{1,(~  [ l o ]  fortlllilalioll”  lo] 1(’t’(’ls  111)  to 11 I !), Ilsill[;

tlI( (;(~(! (al(lllatiolis  of I{(f. [ ? , ( ) ] ,  I\’ill I (x((ll(IIt  ap,r(YLIII(LII1.

l`ip,\ll  (Nsll()  \vstll(  i]lt(~)tt)t((l(  as(zl(l( (l()sss((ti()ll  f’(xcli]]p,llltll  (:21)  )SttItC,(?  Il(Lllt  Il(ClllJr

1/((.  [31],  aIId tlI( co]rcctio]]  to tlIr II IVaSLII(Xl 1 I ( 1 s :}]))  collision stIcIIf;(l I. ‘I)ll((xlj(liltl(’lltill

(I:ita slIolvlI ill l“ig(ltc 8 IIas I)(x:]l coII(~ct(xl  fol tlI(J  (Lfl”c(t  o f  l)(jldriy,aiioll  al)(l Ilorlt)aliz(d usill~,

tll( allal~rti(  fittillp, l)roc((l(lr( (I(wclil)  (xl ill S(’(. l\7.  ‘111]( (as(a(l(  (ol~(xtioll”  to tll( 1 1  ( 1 s

:~1))  cIc)ss  s(xlioll  i s  sip,llifi(dllt IICa I t,l Ircsl I(Il(l. A t  (~llcrp,i(s I)tlolv :)() [.\/ (]1( ((jtl(,((iol)  is ill

(’x(”(Jss  (){ 1 5(XI aIId a t  1 4  (J\/ tlllc c.c)lltlil)lltioll  is .‘) ‘( (~1 ,

ltisil] )l)olt:\lltto[ll s\ll(tlt:tt,”  tll(:(:ll(~ll?l(((l  (ds(ti(l(:fl:i(  tiolls :(l(:il)l)li(  :ll)l(tool lll)zll-”

ti(llla] (xl)(tilll(,lit~il  (c)llfi~,(lltltioll. It IIas 1)((11 lmil)t(d out I)J tat] Y,yl dlld (;caly [ 4 3 ]  tlI:<t

V(’1’y sl]]:ill (~l(~(”tri(.  fi(.l(ls  (all {I,]catl}r l)crt,ll]l)  (:ll([llat(~(l  casca(](,  fla(tiolls. ‘I’]]( IJl(c:llltiolls,

iil(licatcd (alli(:r, (akctl (c)(x(lllclcst,l;iy  fi(’l(ls  froIII tll(illl(’lti(tioll rc~,ioll tol)r(’v(’1)1 (111( ’11(11-

il]~,  of 11(:2  s), sIIOIII(I  a]so  (!IISIII(~  t,l I:It l)(:rt~lll)il)[),  (Ifl”(xts  o f  this tyl)[> :II(J  1101 I)ICSCII1  ill OIII

(~xj)(’ritl](’lli,.  ‘1’ll(:s(’  factors :IIX* (Iis(llss(,cl ill (I(,t ail ill tll(’ Al)l)ol(lix.

A  fl]tlll(r (fl’(x( ~v]li(ll Ii II]st I)( collsi(l(l((l  \vII(]I Ilsiltp, t]l( ]tl:i{l,ll(li(tllly  co]liltla{()(l F,(lll

i s  (11(  Itlotiollal”  (’l(xtli(  fi(’1(1  cx])cliel)(c(]  l)j tlI(  lllo\illf,  a(OIIIs  ill III( ll)a~,ll(’ti(  fi(:lcl.  ‘1’ltis

(’(1’(’((  II:IS  l)c(~II (ollsi(lcl(~(l  l)\T VdII ‘/, y] (,( al. [14].  ‘]’II(J}I  s] I()\\  lII;I1 II Iotio IIal”  fi(~l(ls  a s  101*” ;1s

1  \l/(111  (it]] IIav( sip,tlifi(alli st,atc ll)ixili~,(fl((ts  lj’itll a (OIIS(XIII(SIII  illll)d(~  ()]] tllc (I(xaj

CII; II II I(IS,  j)a]liclllallj  for II > 4 . 1{’oT atol))ic lIyd Iop,cII  atoIIIs oI!)() III(\’’(II(lp,y,  a II]otiollal

(1( ’(tti( fil((l of ~, ().1~ \~/cJII  i s  (wtill]at((l al a fi(l(l 11 ~ 1 0 0 ”  (;. (Talrllldlio)ls SIIOJV that i f

fi(l(lsof  1  \l/(]1)  al( :ISSIIII)(YI, tll(~ cds(’a(l(’  (()]11 lil)lllioll }Yill I)(’ 1( ’(111 (’(’(1 I)j’  at, Iilost 5X. !’?111

Xyl (’1 a l .  [M] a l s o  Collllll(’tlt 011 (11(’ fact tllill  Y)(’(’lllall s])liltillF,  01 tlt( l(i(ls ill d IIl:lf,tl(’ti(

fi(l(l (0111(1 afl’c(t tll( I)rallcl)illg  latios for 111(1 (I(c;i)’. ‘] ’]1(’j’ SUF,[’,(’SIVd  tlldt tlli  S(’fl”(’(’t  S110111(]

lx’ Slllall l o ] ”  fi(’l(ls  I(W lII; III a f(’\V ~;allss. Sill((tllis(fl’((t  ivolll(l I)(, lIIOS1 l)toII()[III((xl fol tll(

lliF,ll(l II lri’(ls. lvll(l) !1)( (10ss s(ctiolls  :1]( \(I, y SIII:I II. I!r allli(il)at(  lliat at (lIc fi(’l(ls  11s(’(1

ill tl](’ ])I(s(II1  (>xl)(>lilll(~llt  a 11(’gligil)l( cJI’((1 ()]! lII(J cas(a(l( collltil~lllioll”  ivill ()(((11.

All()ltll(;  ll)()I(:tss  (ll)l(st  ll:ittllc(.; is(; l(l(l; l(li:lti( )llislltll )()l; lli~, ((l. ‘I’ll(t ll:(itl ((jlltlil)~llioll

to all~’ I)olariy,dtiol) o f  lll(cas(a(](:  l?{(]iat,iol} CC)III(LSJIOIII  tll(,  II(I s(iIt(s  iv]I(I(,  t,lI(,  ladi;ltioll  i s

lIOIIIIalljJ  LJCIjJ Jvcakly  l)olaliz(d. ‘1’JI(T OVCItI]l  (fl’(,(( of j)()];lliz:lli()ll of t]IC (as(a(l(  la(liatiol)

i s  ilI(~r(IfoI(J  (’x]  )((l(’(l  [() I)(* v(’]y stllall, lrss (11:111 l(X1 ill (II(L  i~otst  (iIs(s  at IC)IV (llcr{’,ims.

\4/( llot(” (Ilat 111( (Il!(ll lilllcof :Iloll)s ill 111(s [i(](l of Ii(,iv ofll](, sl)((tlol]](t(l  i s  ;11)0111

:? //s((.  ‘I’llis (litl)i tl:lt(s(x(il((l  atollls ill sltlt(s  til)oi( II ~ N as (ol}t]il)llto]s”  {() (as(ii(](’  il]lo



.

111(’ 11(:?]))  Sl;lt,(.

IV. AN AI,YSIS  olI” I) A’I’A

A s  (I(s(lil)((l  ill S((. 1 1 1 ,  (11( (Ixl)(lilll(llttll  (Ia(a jv:Is {)l)t aill(xl  ill tlvo ~,roll])s  llsill~,  difl’(IcIIt

(Jl(~(lroII  p,IIII  (I(xip,lls. ‘1’11(  lo\v(l (II(lp,\r I(p,iol} \\I:Is (xl)loI(Yl IIsil)p, 1 II(  Illap,tl(t ically (ollil})at((l

[’)1111  10 :ill 11])] )( ’1” li]tlil ill (’11( ’l”p,J’  of” 200” (’\/. llc~roll(l  :200”  (’\r 10 t 11(’ ])(’tlli  1)( ’tllll (’11(  >1”/,~  oj” I .S Ii(’\/
111(’  r(lat i\’(  cross s((l ions \v(I( oi)l;lill(,(l (Isilj:,  [ II(S (](({ rosla tic (1((1 ro]I p,llII, ‘1’11( (ol)ll)i)l((l

slalisl,  i(al aIl(l ]:l)()\v II s}~st,(~IIItIl  i( (Ill((,lt,:]illti(s  i]) t]](, II I(~iIs  LII(’l 11(,  ]Ils lIa\’(’  1)(’(’]1  (’stjlilatc(l  1 0

I’illlf),(’ {1”0111  .4(XL <it (Jjl(lp)i(’s  11( ’iii’ t i l l ’ ( ’ s l ) o l ( l  to 2(K ill 1 .S I { ()\ ’ . ‘1’11( (I(tai]s  of 111( e r r o r  al Ialjsis

;II(’ I)]ovi(l(’(1  it] lII(J  A])])(~ll(lix. ‘1’11( (l((t IC)II l)(;IIII (ll(lp,i(s  \II(I( (s( ill)lisl](({ ill al)sol~lt  (’ IIal  II(

{It lo\l  (iI(’lfI,y I)y  IIsillp, (11( SII; III) tlII(slIol(l  fo] 111( (lisso(i;  iti\((’X(’  ltilt  loll of 1]1(,  ]j\flllilll-(\

liti( ;IS a 1)(11(11111: III;. ‘1)11( fa([ 111:11 tlI(  III(;ISLII(III(IIIS  \t(I(s  011 <I r(la(i\(  s(:II(, l(xlllil((l

111(’ (Isl:ll)lislllll(lll (){’ a  IIolllliiliz:l[ioll” ])I(J((,(]II](  foI ]ll(l~,i])f:  tlI( l(I\v alr(l IIi[;li ctI(rfI,jr r(p,ic)ll

(Iiltil  S(’t S ill(()  21 sill~,l(~  [l:ltil \Jollllll(”  fol” atlalysis. ‘I’l  Ic irali(]ity  o f  Illa{(llilt{;  (II{ lila~,llc(ic  alI(l

(tl(~(tlosi,:iti(  clal,  a a t  w :20( I (J\/ II; IS I)(JCII collfil 111(,(1,  ill iI s(’])alatc  (~x])(~rilll(qlt,  I)y  ll)(~as(lritl~,

111(’ IJylllall-a  si~,lla] (Ilolllla]iz(’(1 t o  cl((trojl  })r:II  II c[llr(llt  ;IIIC1 lIy(llo~,cII  soIIlcIs  ])IcssIIro

ill :/()() (’\T a s  a  fullctioli  o f  a ll)a~,ll(ti( fi(l(l, al)])]ic(l  (olli]lrarly  \vitll (11(’ ( l e e / 7 Y j . $ l o t i c  ju~l,

Ilsillg t,]lc’ S;IIII(J  (lIIa(lIII])o]c  111:1~,11((  (ol){i~,~lltl(i<)ll  VIIIl)]oyC(l  for 1,]1(*  IIla{:tl((ic  $,1111. At fic](]

stl’(’ll~; (l)s o f  ( ) ,  ’ 2 0 >  “lo al](l  ()() (;;111ss, II() s t a t i s t i c a l l y  si~)]lifical)t  ClIaII#)(  ill tllc IIf)lll)alim’(1

si{l,tl;ll i!’as ol)s(!rvc(l,  collfillllillp,  (IIC ;II)SCIIC(. of dl)y 1)( ’alll  o\w’la])  ])l’O1)l(’I IIS at 111(’ (’11( ’1”{’,)’

\\ ’11( ’l’(’ 111(’ tti’() (Iatil S(’t, s \f(’1”(’ I l l(’ l”/$’(l.

‘1111(’ (lata s(ts \v(’1(, 111(1 /,(xl I)y  l)liliillli7,ill{,,  tl](,  IX)()[  II I(;III  s(luat( (1101  o f  tll( altdlj’[i(

l i t  t  ill{: ])10((ss  ill  [II( (II(I{;y 1(’~,ioll  sll]I()(lll(]illp,  200”  (\J, al(cl  1  II( l)l(\iolls  colI((i  ions fol

])olill’i  Y221i  ion ?111(1  (’as(”a[l(’  (’fl”c(’ts  \\’(’1(’  al)l)li(~(l  011 a wldt  i\( I)asis  ;Is d (  OIIwt  ioli  k )  t III’

Slldl)c fll[l([ioll. ‘I’]](’ filtillp, lJI()((LSS  \Yas ;I((ollll)lisll((l  llsiltf: :111 it(*lati\(* cal([tlatioli  111:11

l’i:~ll(, {) SII(I\VS  tll(~ collll~ill{~(l  (Idt;i l)lOtt(’(1  21s(’sl:ll)lisll((l  tll( coltslatlt  ((rIIIs ill I;(1 10.  ,

(ollisioll” slI(~IIp,(l I (OIII1);II(J(I  (() III( (1( ’ti\(,(l allal~’[i(’  fl]ll(tioll. ‘1’11( collll)ill((l (xl)(lilli(llt;ll

(lilt a ;if[(:l (OII(J((  ions (](’s(lil)(~(l  dl)()\.(s f{) I C~IS(tI(]C  ;III(I ])()]alizati()l)  ;II(S ]ist(,cl  ill ‘1’alllc  1 1 ,  iilr(l

(01111):11((1  lvi{ll  tlI(,  \JiIILl(’s ol)tdil]  (xl 110111  t]l(, allalj’ti(.  f i t  llsiil~,  1’;(1. 10. ‘1’11(  (Jxj)(]illl(]lt;ll

(l; It a \\(’l(J l)la(’(~ci olI <III tIl)so]\ll(  s(;II(. (l(~t(I l)]ill(yl 1)}’ jixill$, (11( Va]ll(’ o f  (~; I))’ t 11(’ k i l o \ \ ’ l i

dl)soll)(io]l” os(:illat,ol”  str(IIIp,  (l I (s(J(,  I{(’l. [4~J],  I’;(I. {](l), ‘1’11(~ ]lipll(~l  I)l{l(JI  (’()] lSt:llltS (1:, ?Ill(l

(  ~(i, t Jvo ot II(r t(ltl)s (1( ’liv(’(t flc)l)l 1 II(’  lloIII {Il)])loxiltl;lt i(~ll,  :11( II(J1  fix(’(1  ill tll(’ allal,y tic
Iit,  fillp, ])10((sS, :111( 1 t Il(l(fol( t 11( olll~”  t(,rlt] fix((l ill !1,( (I(t(rlllil  iat ion of (ollst :illts ill ( 1 ( ) )

i s  (~~. ‘1’l)is ]Ilalt(i i s  (lis(llss((l  Illltll(l ill S(>(.  \/. ‘1’11( (otlstaltts  fol lkj. 1 0  (l(li\ ((l ill 111(

it(Jt~lti\’( all~ilyti( f i t  ;Ir(, slI()\v II ill ‘1’;II)I( ], :1]011{~ \\,ii]l tlI(  ])(JIII  <I])])loxiljj;ltioll”  (OIIStiIIIl,s,  ]1

i s  (’1(’tll tllal tll(’ \JtI]Ll(s  of (;:, ;III(I (’(i, ol){;(ill((l flolll tlI( f i t  (() (IIC  (~xl)(~lil))(.lll;ll  (l;Ita (lo 1101

(0111<)1111 to tll(’ l\orl I <Il)j)loxilll;ltioll” \Jdlll(’s. ‘I’l I(lc al(i, lIOIt’(\(l, 1:11~,( (Ill((lt;]iilti(s  ill tlI(ss(

\Jillll(’S,  ;111(1  ill t]l(’ l’ollo\yil)~,” (Iis((lssioll \\’(’ (011( ](1(]( l]l;It t]l(’ Illlcollj)](’(1 \’;ll(l(’S  (jf tll(’ 1S1 tlll(l

;~ll(l  01’(1(’1 t ( ’ 1 ’ i l l s  of 1]1(~ ]l(jIII ;I])])loxilll;t{ioll”  IIIiI},  ill aII~’ (as(i (Iilr(lp,c.  I)J’ ]alp,(  factolx  flolll

( II(’ r(,:ility  of”  t II(’ cOII1)I((I  syst(,II~. ‘1’11(1  (Itlt;l  /111(1  III(’ allal~tic  (IIIt(  aI( ljlott((]  ill  ]1’if,(l](,

!) Ivit,ll  l’(’1)l’(,S( ’llt, il(i\(>  (1101  I);IIS ill(li(a(iIl~,  t,l](  (:i]clllat((l  I(V(,I  (jf [olt)l)itl((l  stdtisti  (al illl(l

s}sl(!lll:]ti(  lltl(.(’lt:lilll}~. (;oltll)alisoll”  of ll)is  j~,sLIl(  J\’itll  ])r(violls  111(’iIslllclII(,IIts  (I(scril)((l



.

.

‘1’LII()  1’2(([()]s (()])lril)l]l(  10 llt( lltl((ll/iil)l,jr  ill (l(l,(llt)illil)$, (11( (xl)(lit]](tlt;ll  cross s((tio  II,

illl(l ill (’still  )lisllill~,  {II( j)aI;IIIl(t(,rs ill tlI(I IIlo(lifi((l 110111 ;lljj)](,xilll~llioll (I{kj. 1 0 ) .  l“i]sl,

tll(’1’( i s  <III llltllsual (olll])l(xily  ill (lI(J  slIa~K of {II( cIoss s(xtio)l. ‘1’1)(’ I I  (  1 s  ;}])) CI(MS

s(~(ti(])l  sII;I])(’ dj)])(’ars  to I)(* IIl]i(jll(.  ;IIIIOII/l dto)l]i(  (IOSS  s(’(’tio]ls  ill (()]ll;li)lill{;  lti{l,l](~r OItl(~I

1( ’1 ’111s si{j,t]i{icii]lll~  ;ifl(yiill~, 111( (I(HS s(rtioll  illlo {II( IIi:,ll (11(1/,j r(’jl,iotl. ‘1’11( (\i(l(ll((,  1(, I

t h i s  al)]~(’ars  ill l)otlI tlI( (’xl)(]illl(,llt:ll  Ali(l tli((jr(,ti(ill  (~(’(’ (al(llldli(~lls, 1’()] 1 Ilis r(av)]I

s(’\~(’l”; ll ])alillll(~t(~rs  Slltll’(’ ill (st:ll)lisl)illp,  (11( IIl:l{l,tlitll(l( of 111(’ (r(Ms s((tioll  ill(() 11]( IIiplli

(II(o]p,s l(~~,ioll, r(~(j(liril)g  ;III LitI(IsIIal ra]l~,(, ill (~]t(~rp,~’ to (~stdl)lisll  a((liratc  lmratll(.l(~r  1’:IIII(s.

l)(filkillp, tll( t(l[lls ill lC(l. 10 ill 111( SC(]U(}IC(: (1(, .  .  ~ (;T as t(’l]IIs of 01(1(1  7 (), \v( [il)(l

tlldt  !(’1’111s  0{ OI’(l(  ’1” IIigll (’1’ tllall 2 Colltl’il)llt(”  al)otll  5 0 %  of  t 11(’ tol:ll of 1( ’1 ’111s dl)()\’(’  1 11(’

7J(ro  (JI(I(’I ;I1 :)()()  (I\/ ill l)otlI (11( (;( ~(; aII(l (’xj)(:]itll(,ltl:tl al)a]j’sis. II I  (OIIlrast,  al tlI(J sal IIr

(Iilll(:llsic)lll(ss (11(’l~,y  (CW ~)()),  a silllilay altalysis (]{(f.  [l(i]) Of t,l I(I ]]( (  ‘S ? 1 1’)  (“1’oss S(’(’t  ion

ill(lical(w  {1]:11 ((’]IIIS o f  ord(~r  IIif;li(,) ll]all ~) (ojl(lil~ll[(,  oll]}~  :(1)011( ] ‘xl of” {ot,tl] ( ( . 1 ’ 1 1 1 S  ;Il)ol’(”

Z(’lo or(lcr. 11’or t h i s  r(’asoII t,llr lli~,ll(~r ()](1(:].  t(,rltls ill t,]lc  C:IS(J of 11(. arc il]tlil)si(’all~  l]]o)r

:Ic(.lll<[t(’ly cl(’((~ll]li]l(’.({. It i s  ()]]ly iil \JalIi(Js of (li)ll(~llsiolll(~ss  (,Jl(’lf,J’ of -, 1?. tl]at )li~,ll(l 01(1(1

t(’lllls  Sig,lli{i(illlt IJ7 cc)llt,ril)ut(  fol tll(’ 11(’ t  r:]llsit iolt, a facto] o f  2!) ill (Iiril(llsiolll(ss  (lI(r{I,J’

I)(’loL!” 1,11( \:Illl(’ at \y])ic]l  sillli];ll  c([”(,(t,s  0((111.  fol I 1. ‘1’]Ic  sccolI(]  (01111)011(11(”  (oltt,l;l)tltitlp,  to

llllc(~rt;iillty  ill  (,lIc’  a))tilysis  is s(al,isti(al  :111(1  s}st(~)l);i{i((.llols  ill  {lt(’  lII(>iIsill(’ltl(’llts,  p,(’1)(’tall,y’

I(ISS tlIa  II 4(X. as (Iis((lssc(l  ill tll(’ Al)l)(]l(lix.

‘1’11( (slilllat((l  lo(~ ull((ltilitlt,~  ill 1}1(  ])IQS(II1  (,x])(lilll(litiil  ](’sIII1  [11(’l(forc  st(’ltls ])li-

IIlarily  fl’olll  tll( 11(’avy  IIlixillp, of lIJ( Ilip,}lrl  CJr(](~I  t(,ll)ls  irl t]I(,  tlll;ll~’ti(  lit  to 111( (I;I1;I.  ‘1’lIt’

~ltl((~lttlillty  ill  111(,  valLIf’s  Of 111( filsl :111(]  s(YOII(l  {)ICI(I lclIIIs  ill 111(,  alIal\’z(’(1  (Jxl)(>lil}l(llt

i s  l;IIgI,(*  (II(JLIp,lI  to (’II(oII~]):Iss  111(~ l’tllll(’s 1(~1 [It(>s(  t(>IIIIS ill {II( 110111 :i])l)loxiitl:ltioli.” :Ilt(l

tli(l(f(~r(’  tll( t(l])}s :11( l)oo]ly ((~llstl:lill((l. ‘1’11( rol( J)l:iJI(xl  I)J tlir (Illiqu(,  sllal)( 01” tll(

(“10Ss s((tioll  i s  illllsl, ral((] l)} tll( (it  10 (11(. (;(; (; (ill(llliltiolls  sllolvll  ill ‘I’:( 1)1(’ 1 .  ‘1’11(’ :Illal)sis

r(’slri(l(t(l 10 1,1)(’ (’IIcrgI,~~  ra]l{,,(,  (]]) 10 I  .S k(L\’ sllolfll  ill col(IItItI :) of i 11(’ ‘1’al)l(’  ])1’()(lli(’cs  ;111

(’rlor 01 ‘i(~l ill l(t(llllillf, t]i(~ Ydlli(’  of tl)( z(,I() 01(1(1  1( ’111), (llili~ill{l, (I;lta (ollsi(l(l((l  to 1)(’

itlt(rlldll~’ :i((LIt:Lt(,  10 1 %. ‘1’11( (Ii  fli(lllty ill (sldl~lisllitlp,  :1(”(”111’ill(’ valll(~s  of tlI(J llifj,ll(~r  01(1(1

1(1111s i s  (Iis(llss((l  fIirt,l  IeJ i]) 111(,  (Jxaltiitlalioll  (11(  I{(f. [:20] (!(; (! (al({llaliolls

A  C()]II(J)I  iollal IIolll);iliz:ltioll” l)](l(((IIINI lV;IS  also a])l)li(d  to t 1)( (xl)(]il])(l)t,:ll  (lilt  tl ill t 1)(

II I; II III(I (I(w(lil)  (’(1 ill (l(~tai]  l)j ]1((1( 11(’ aII(l  (;allap,lI(,I  [1 1). III  t h i s  ;IIJI)I():I(lI,  tllr (~xl)(tilll(’tltill

collisiol]  St l(’llp)tll  (lata  i s  jilsl  (OII(K(((I  for l)olali7,  at iotl atIcl  (21s(:I{I(J, all({  tll  [’11 ])lac(  ’(1 011  :111

~Il)solllt,(”  S(’: 11(’  I)jr fil,[illg 10 1,]](, ilsJtill)loti( IIolll lill)i{ ill ili~,ll  clI(~lp,\’ (l(~litl(~(l  I)y a ]1(’1 II(J I“illl(l
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fittillp, ])ItNms ca(lsd l)j t  lic lIca\j’ IIlixitlp, of [II( lrrllls  ill cll(:lf~~’ Sl)il(’(’. A  11101’(”  sdt is fdct,ol  \’

I’(’Slllt i s  ol)tlaill(xl I)y fixitlp, t 11(’ \’illll(~ of t 11(’ 7,(  ’10 or(l(’r Collstalli  t o  t  11;11  p)i\’(~ll  I)J’  l(kl.  9 ( 1 .  \![(’

fill(l  ill iillill~Zill/, tlIc I{(f. [:20]  (“;ll(’llliltioll  S ill this \\’tiy, tll?lt  tll(’ \’illll(’S  Of tll(’  IIip,ll(r  01”(1( ’1 ’

t(r]lls vary syst(tllati(tllly,  (I(l)(]l(lillp,  ()]I tlI( \Jal  II( o f  tlI(,  11])1)(1  (II(IF,J’ liltlit  at \f’lli(ll  111(’

(Iat)d  sctf  i s  t(ltllill;it(~(l.  II I  ])rillcij)l(’, tll(’  \Till[l(’S o f  111(’  Coil  St:llltS Stlolll(l 1)(’ ill(l(l)(ll(l(lll  o f  tll(’

(liltj~l  tol’ll]illiltioll”  l)oil)t.  111 f’act,  t 11(’ (l(~ri\’(~(1  \’alll(’s  o f ”  tll(’  1s1 all(l 211C1 01(1( ’1” (’()] l!it:lllts ill this

Case Sllo\v  il systclllati(  (lo\! ’ll\Yal’(1  tr(’11(1 ill  I’(’; II Illllll(ri(  v~llll(’,  tlS :1 Illll([iol)  of” (1(  ’(”1’(’iiSilp,

tl’1111(’iltioll  (’ll(>l’p,~,  ilS Sllo\Vll  ill l’i~)lll’($  1 3 . ‘1’11( illll)li(atioll  o f  111( I:ilidlioll ill l’i{~llt( 1~~ is that

111(’ ~(’ll(’I’il ll~}(’(l  OS(’illilto l’” Stl’(’llp,lll iltll)li((l  fl’()]11  111(’  (~(;(~ (;ll(lll;tliol] i s  1111 Slill)l(’  ill S11;1])(’.

Altllollpjll (I(t(llllill:itiol)  o f ”  l}]t((ltilillt~  ill tll( (:ll(lll:ltiol)  i s  (Iifli(lll(  ~ lJI~IJr  [L~(I]  (stilll:lt(s  lll~lt

at, ilit(~]lll((li;lt(  (:IIelgy (CV I I i s  ]filllill  ;I(ti, of r(’alit) i l l  111(’!)() (>\:) (ll<lt  t 11(’  ( ’ 1 ’ O S S  S(’(’t  ioli  \’it  (1(

9 0 %  collfi(](’llc(”  IL’i’(:1, :111(1  at I Ii(’\/, t)(l at, tll(’ !I()(XI c(jllfi(l(llc(’  1( ’i’(’l.  ‘l’ll(s  (1(’cr(asillf~  il(”(’lll”il( j’

ill 111(’ (’ill  (’lll?ltioll  toivar(l  Ilijl,ll(l  (’11(’lp,y i s  :illlil)(ll  (’(1 to ill(l(’asillp, illllollllt  S of (“ill  l(’(’ll{llioll

i)) 111(’  ll(llll(>l’i(’ill  i]ltc~,i  at iolt l)ro((’ss  (l{(’f. [:)()]).  \\ ’(’ 11S(’ lllis (’Still  lilt(’  o f  /1(  ’( ’Lll”il(’J’  i]) 111(’

(’ill (’\lliltioll  ;1S :1 l)ilSi S f’or  (lloosillf,” t II( (tl(rf,~ lall{~,(’  IIl(lst s h i t  ;Il)l( I’ol  (Irritill{’, t II(’  1’;({. I  O

1 (  ’1’]11 ( ’ o i l  S t i l l  ltS. 111 t h i s  ( ’ i i  S(’ \\J(’ S(’l((t  111(’  (()([li(i(llts  (stal)lisll((l  ill filtillp, tll(’ (:( ’(( CIillil

Ill) to 2 0 0 ”  (’\; ilS 111(’ 1110S1  il(’(’111’ilt(’  l(~j)l(~s(~]lt;llioll  o f ”  tll(’  full(tioll. ‘1’ill)l(’  1 ((C)I 1) Sllo\VS tll(’

(1(’1 iv(xl  Coil Sti(llt S fol”  this ( ’ i I S ( ’ , collsi(lcl(xl 11(’1(>  to 1)(’ tll(’ ()])tillldl [it to (11(’  (~(~(~  Cill(’lll:ltio]l.

l“if,(lrc 1 4  sl]ow’s tllc ])crccl]t a{~c (lc~’iatiol) of 1 IIC fittc(l cl]ri’c ftolll lIIC IIray [90] (ollisioll”

strcllgtlls. \i~( IIotc t h a t  tll( a]l;llytji( ful)ctioll f a l l s  syst(’lll{lti(illly  1)(1()}1’ (11( (;(I(I I’alll(s at

(’lcctloll (~]l(:lp,i(:s  al)()~’(’  Y,()()  (’\I. (1(~~’iatillg  I)y  ill)ollt :l.(j(fi at, ] ];{.\”. ‘1’llc allalyti(  f i t  :11S0 filllS

1)(’low (11(’ 110]11 il])])l’oxi  ill; ltioll”  ill 111[’  1  Ii(’l/  r(~,iol), collfol  ttlillp, \f’itll  ltlc fI,(*lI(~I;Il 1( ’I Id(,II(:y

o f  1)()]]1  closs sc(tiolls  t o  1)( la]p,(l  tlIa It rcalit} (  I{(f. [29,47], 1{’ip,(ll(  J ) .  ‘1’11(:  aIIalj’lic (it  ;III(I

llIc l{cl. [:20]  (ollisioll” slr(ll~,t  II  I’; IIII(S  arc cOIII1);II((I  ill l“i~(lr(~ 1 F).

‘1’]1(1  ])\j~]l A? iiII(l (;(;(: (it](ll];lt,jolls (OII\I(IP,( 0 1 1  tlI(, 110111 ii])l)loxil lliitio  l)” (]OSS sc(li(~ll

11(  ’ill’ 1 I<(’\/. Al(lloll/,11 tll(’S(’ (’ill (’lll?lliollS ( l o  lIot (xl)licilly  (Ict(]lllill(  (11( t(’lllls  it) tll(’ 110111

(s({llilti(Jll,  t ll(>j’  1 (  ’]1(1 10 (’oil  Y’(’l’p,(” oli tli(’ 1101’11 \’illll(’S :It IIip,ll (’11(’lp,J’  (S(’(’ l“i~,llrc 1  ). ‘1’11(’

fil(’t tlldt 111(’ t\\’() l]i~,llct 0] ’(1( ’1’ 1( ’1111s ill 1’;(]. {):1 (I(!l) (’11(1 011 111(’ Sllil] )(’ of t,ll(. p,(ll(ldliz(xl

t)scillatol  stt(’tl~,ll],  il)(lic;lt(s that 111( \ral[Its  01” tll(st t(rt))s ill  tlI(, IIOIJI  ;Ij)])]oxilll;ltioll”  slIoul(l

(1( ’\ ’iilt,  (’ fl’olll  wality  ill  (’,?l S(~S ill \vllicll  t,l)(,  (,10ss  s((1 io]l i s  si~,llifi(i[llt  I \ ’  afl”(’(’t  (’(1 l)}’  illt(.lstal.(’

cou])lill~).  A  (c)lll])~ltiitiol}zll  ]Il(tllocl kIIotvII tIs II(JIII slll)tla(liol}  lIiIs IJ((sII  lltiliz  ((l ill  (11(

lll(wr(:ti(al  (’ill  (”lll;ltiollS  tit IIip,ll  (’11(  ’rf,y, ~illicll  (OII\(t/,(s 011  111( 1]0111  :I])])loxilil:ltioll”  (l{(f.

[ 1 7 ’ ] ) .  ‘I’],( (:(:(  ii,)(l l)\4’llA2 (i(l((ll;itio,is, 11011’(’1’(’1”,  ( l o  IIot il(’(’111’ill(’lj’  Coil  Stl’ilill  tll(’ f i r s t

aII(l SCCO]I(l older tlcrtl]s,  l)ccaus(>  a 1  Y, e r r o r  ill 1  II(’ (’:11 (’lllillioll  al 1 k(’\’  tl’~lllsl:lt(’s ill(() ~~

liil’~;(’  1111(’(’1 t  ilillt~’ ill  11)( Ilip,ll(l  01’(1(’1”  t(’rlll  I’;illl(s. ‘I’])(’ illl])li(iltioll  i s  tllill  il s~’sl(>ll)ati(

o r  s t a t i s t i c a l  tllt(crt;~illty  ill tlI(’ cal(l]lat(xl  (10ss  s((t ion at tll(’ 1( ’\”(’l  o f  1 %  Ctill  ])1”()(111(’(’  ill]

( ’ 1 ’ 1 ’ 0 1 ”  of 01’(ICI 10(X ill  11](’  OS(’illillol’” Stl’(’1l  /,111  (l(,li\((l 1 ’1”0111  tll(’ (Iiltil, (: II Is(’(1 j)lil]]arily  I)j tll(’

(~ll(.  Ioa(l  III I(*IIl of lllllllistat(~  (olll)lillp,  cfl”(’cts  ill(()  tlI(’  I  k(’\r  r(.gioll.

‘] ’]1(’ C1’oss s(cliolls  iIl( ((JIII])?II((l llllllloi(:l]]~  ill ‘]’?II)](’  ] ] ] .  ]1 (iill  I)( S(’(’11  ill ‘l’tll)l(> 1 1 1  lll:lt

ttl(’  illliiljti(”  fil 10 tll(’ (Jxl)(lilll(llt?il  (latii f;llls l)(l(Jit’  tll(’  I{(’f. [ 2 0 ]  (1:11;1 I)\’ fil(’lol”S  ill tll(’ I“illl{’;(’

:; t o  ‘/% ()\r(’l’  t  11(’ 2 k(’\/ (’ll(’l’j),~  I)illl(l. ‘1)11(’ II IOS1 I’(’llld  l’l<ill)l(’  ilSl)(’(’l  o f  (11(’ (’ollll)ill’isoll” o f  1110

(~(~(~  (:al(uld!iolls  of 1{(’f. [YO] iill(l tll(’ dllill~li(’ l(slll~s  (l(>ti\’((1  1“1”0111  111(’ (llrt(llt  (’x])(lilll(’tlt?il



.

‘1’11(  IIIOSt ill]])ortalll  col}si(l(rdtio  l}” ill 111( colllj)arisoll” 01” tlI(~  (~xl)(}il))(llttll  data  \\illl

tlI(  tllcf)r(tic:ll ICSUI(.S i s  tlIc slI:IIJc of tlIf> CIOSS swtic)ll. \\~( find, as slIOI\’11 ill S(r. I\]

111:1( (lIc sllalw o f  tllc a]ldlyzcd (xl)(:lilll(llltll  data co]lforl])s  t o  tll( 1(:((’1]( Ill(wrctical (l(~(;

c;tl(:lilal ions (I{cfs. [ 1  ‘i,:~()], sw l“ip,(lr(~ !)) ltilllitl (Jstil]l:tt(cl IItl(clt?ii]ltj’. ‘1’1]( ?Illalysis 01

I)()(  II 11)( (:xl)(:li]l)(]llz(l  al)(l Llieor(ti(al (~(1(~ ](:s(11{s  llsill~, a ]Ilo(lifi(d llorlI til)l)loxilll{ltioll.”

(Ics(rild ill S e c . l\l, illdicat(:s t]lat IIip,ll(’t ()](l(:r t(lllls itlflll(ll((:  tl]( cross scctioll to all

llllllstl:llly IIigll c]]cr!;y. ‘]1]]( (:([’(({,  of t,]lis  is to ;Ilcrcas( t  II( llll((l(iiillt,~ ill t I](’ (Jxl)clilll(llt:ll

al)solul(~ CN)SS  scctioll d e r i v e d  froltl llIC allalyt ic f i t ,  to  all ml illlatcd 1  0 % ,  ivllil(~ stl:liisti~~~l

;IIICI sysl(III  atic  Illl{ol<lillti(s  \\r(r~  lililitfcl  l<) 2 % . A  silllil:tr  atlalysis  (J[ tlIc 1{({’.  [?()] ((!(~

calctlliltiolls scttillg,  a]) u])])cI  lmuIId ill eIIcIj:y a( tlIc salll(’ ICVCI a s  tlI(J  (x])(lilil(llt?ll  (Iataj

])1()(111(((1  a silllilar  (IIC)I (ill  III( ()])])(x+il(  {Iir(xtio]]) ill 111(> \alII( o f  1 IICJ (Ic]iv(d 0])1 ical

(Jscillatc)]  st]rltg(ll  (’1’al)](’  1 ) .  ‘1’llis i s  a  c l e a r  i]l(licatio]l  t lIat t II(’ acclll’a(’y  o f  this 01” allj’

otllcl” IIlct IIo(lology is lilllitml ill t Ilis ljalt i((llar cas(~ I)rilll:llil)’ I)y  t II(’  slll)tl(’ cllall~’,cs  ilk sllill)(’. .
Illll(tioll 1(’acllillg  ill(() 111( IIigll (])(]~,~ lcp,ioll. ‘1’11( Illli(lll( ]Idtll]( of tllc Slla)j(  is l)l(slllll  ((1 to

1)( (:l(is((l l)rilllalily l)J tll( stl(lII/,  colll)li)lp,  (){ tl]( :),s :111(1 :),1,  S1;I1(SS  (  I{(f. [120]). ‘1’11( (lifli(lllt~

ill s(l)dlatillp,  1,11(: lli~j)ll(~l  ()](l(~r  t(:rllls  i s  illllslratc(l  ill  111( ;Illal)sis  of tl)c (;(; (; (al(lllalio;ls

slI(Jiv  II ill  l“ig(ltx~  1:{. ‘1’llis  l“if,llt(~ slloit’s 111( \’tllialioll ill tll( Ist all(l  f~lld  01(1(1  t(’lllls ill tll(’

1,
.

:111:1  }“S1S ()[ (11(>  li (’f.  [1/()]  (:(~(~ (I:lttl :1S il f’1111(1 iol)  of tli( (II(Ip,\ of” t  lIc II])])(I trllllcdtiol] ])oillt

ill t II(J aIIaly7,cd datld s(’1. OIIC c:III scc frolll 111( l’i~,(lr( tlial 111( (~[,, ?111(1 (;(;  \’tllu(!s  tll”(’ (“10s(” to

(1)(  villll(v+ of tll(~  1~0111  :I])])loxi]]l:itio]l”  c(JIIsta  II(s (rl’dl)l(  1) fol {Illll(atioli (ll(~lp,ics  at ()] aljov(

I Ii(\/. At 5 0 0 ”  c\) (  l’ip,llr(! 13), lI()\v(v(], tll( i’tll(l(s of 111( coIIs[aIIts s(](ld(l]l~  (1101) ill tlI(

ol)lilll:ll  fittillp, I)ro((’ss  I)y fa(tol’s  of al)ollt ~j ~111(]  ~, ‘1’]1(,  (Ill((lt;lill{,y  ill 1]1( (OIIstal  It, s (I(lii((l

I’I(JI II tlI(  (Jx])(lill}(llt;il  (Iala i s  at ](ast t h i s  l<lrp;(. A t  lo\i(r (ll(lp,i(s  tll( i(al Il{llll(:ri(  v: II(](ss

(){’ 111(’ (’ollst:lllts  (olllillll(,  (() (1(’clill(  s}st(~lll;lt,i(:l]l}’ ill tll(’ :Illill}’sis of t,ll(~ (;(~(! (al((llatiolis.

:is SIIOWII ill l“ip;~lr(’  ]3. 1 1 1  l)rillcil)lc tlI(* constants  sIIOII1(I  I)(’ illlatiallt ill l“i~,lll(’ 1:3. Altllo~l~:ll

tll( I’orll) of tjllc allalyli( forttlulatiotl”  llldy l)lay a s]I)2111 rol(”  ill (I(fil]i]lg; this v a r i a t i o n ] ) ,  I’(’I’J

SIIItIll ( ()]l]])utat io]l (~IIOIs  witlli]l  tlI(* sldhxl (Illc.(,l(aitlt ~’ (l{(l. [ 2 0 ] )  (.:(1] e a s i l y  I)(J r(~slmllsil)lc

lo] 1 II(’  1)(’llal’i(jr  slIowII ill  l“i:,llr(’ 1:3. ‘1’11( af((lracy of 1111 allalj’lic  fit 10 tllc (!(;11 data i s

slIOIt’]1  (’()] 111(: s(~lc((((l (as(I ill I“i{’,llr( 11 fvll(r( (1]( IIlaxi]llillll  (I(viatio]l it) llIc f i t  i s  3.13(X

at I  I<(’\’, :111(1 ~,(’11(’l’ally  ill !II(’ l’i!ll~,(’ I(WS  tlIaII O.F)(X ;II (Lll(rp,i(s  l)clo~v  r)()(l  (\’. \l)c sclcci

1’/



111(  (OIIstaIIts  iII tlIc aIIalyt,ic  I(IIIIS for tlIc f i t  to [11( (’(!(1  cdlclllat iotis 1))’ l;lay [20] for (fIc
?00 (’\/ cas(: ds tlIc 1((011111  I(II(I(J(I  l(])lcs(l)t?itioll  of 111( (1(:(~  (10ss  s(xtioll  (’1’al)l(  1 ,  c o ] .  4 ) .

‘1’llis ~JI()(lIIccs  c r o s s  scct,iol]s  tlIat  fall l)clow 111( IIortl <Ij)l)loxill]atioll” at (l](rp,i(s  ill tl)c 1

li(\/ ralig(, I)y al)()~]l, ;\(Xl, (ollsist(ll(  }vit,ll t,l Ic  ar~,LIIII(lIl tlI:Il tllc Ilip,ll(r  01(1(’1”  Collst alits ill
(11( llollI a])l)loxilll:itioll”  arc (Il)I)(r  lilliits to tl)(’ (OLIIJ1(’(1 syst($lll (ollstallls (I{cf. [ 2 9 , 4 7 ] ;  S(C

l“i~,{lr( 1). ‘1111( collision strcrip,llts  (I(tiv(cl  flotlt (~(~(~ (l{(l. [20]) al)d  (Jxl)(lillt(l)i:ll  r(’s[llls

al(~ (()]I]lMM’(1 ill 1<’ip,(irc 9. ‘1111( IIlllll(li( v;lll](s of” tll( c r o s s  s((liolls  2(1( collllmt((l ill ‘1’aljlc

I l l .

\4~( sltllllllaliz(  (JII1 coll(l([siotls”  Ivit II t  II( follol~itl~,” l)oillts.

1.

;),

:{.

‘1

\4~( (011(111(1(  0 1 1  t  11( (ollsi(l(liiti(j)l  of 11)(’ col[ll)itl(xl ( f  I’((ts. t Ildi t 1]( a((lllac~r o f  tlI(

al)solilt,(~  (Ioss s(:(tioll  (l(~li\’(~(1  flolll lII(J  (,x])(ttil))($lll:il  111(’~lslll(’1)1(’llts  I’(’j)ol’t( ’(1 11(  ’1 ’(’ fol”

[II( 1 1  (  1 s  ?]))  (rallsitioll  ale Iilllilc(l  to al)ollt 10(X.

‘1’11(’ stIolIp,  (olll)lillp,  (i’i(l(tlt  ill (1)(  allal~sis  o f  l)otl I 111(  tll(ol(ti(al  aII(l (xl)(lilll(lll:ll

r(’s~llts  s(lp)~,(’sts llIat (11( sIIII1)( of tll(’ p;(l)(’lali7,(ll os(illiltot” S1 r(llf,t 1} (1( ’viat (’s sip,llili -

Calllly fro])] tl)(’ IIol’11  I S ;~]) slla])(  f(lll(li(]ll  (1;(]. “(). ‘III(’ Ist all(l 211(1 01’(1(’1” t(’ril ls

ill tlI(: ]Ilo(lific(l  1)0111 ;i])])]oxi]l];ltio]l”  ;IIY* tlI(sI(f(JI(  (xl)((t((l  to (I(viatc  s(ll)stalltial]y

f-l”ol])  tfl(’  1111( ’ou])l(xl 1101’11 Vdlu(’s. ‘1’11(,  (xl)(lilt)(’tlttll  and  tll(wl(’tical (;(;(l r e s u l t s ,  IIow-

(.j’cr, ({()  ]Iot l)llt stroIIg; (ollstlaillts  011 (11(1 valllcs  fol tll(’  c(j(?flicicttts  f)f tltmc  t{: IIIIs,

illll)lyillp, Illl(cltaillty ill tllc (~xa(t  sllal)(: o f  tll(’ g(llcralizd oscillator  strcllp; tfl. ‘1111[’ lsf

Oldcl constant (lcriv(’(1 frolll (lI(J  (x])clittl(:llt aII(l analysis of (lIc (~(~(; calc~llatiolls arc

slll)s[allt,ially  sIIIallcr tlIa II (II(J IllIcolIl)lr(l llorl I i’dlllc. ‘1’IIc (Jx])(tilll(lltal  cross  s(ctioli

aIId  alla]  ysis  of tll(’ (;(; (; cal(lllatiolls  (1(,1)(*11(1 ()]I l<IIow’l(J(l~,(J  o f  tl](~ ol)tical (will atol

st,l’(~ll~, (,11  fol” tll(. 11 ( 1 s ? } ) )  tl’allsit!ioll.  l{ 11?1s 1)(’(11  :1:.sulll(’(1 tllilt  tll(’  Valllc  of t h i s

collslal]t  i s  llllaflwt(d I)y  ((llll)lill~~  rffccts. ‘1’llis i s  a r(’asolldl)l( cxlmt:dtio]t  givc]l tllilt

(11(’ lIl:IjoI colll)lill~ (> fl”(c( i s  2s )?]).

\41(’ KCOIIIIII(III(I, OII tlI( f, IOLIII(l  t]iat  (Jvitflill s{at((]  (r]()]  I)ars)  111( cx])(lilll(llt i s  coll-

sis(,(~llt  Ivit,ll t]i(, ]{(*f. [1/()] (!(~(~  (:(l(llliltiolls, tllal 111( allaljrti(  co(’(lici(l)ts  d(lil’(>(1 floll)

(lIc (;(;(; IYSSII1lS $,i~’cll  ill ‘1’;  II)I(I  1 ,  (01. 4 ,  I)(,  LIl iliz(d a s  a  (10ss s(ct iOII II Iodel f{)]

{’l(xt roII illl]):(ct (~ll(~r~,i(~s  flollI I  !) (\) to r) l((I\~.  l“or  ast lol)lt~si(;il  ])11 Il)os(s,  t  II(r( i s  II()

l)lil(ti(al (Ii  fl’(lcll(c I)(,llv((t) (11( I)IYIS(II( (xl)(lilllc]lt alI~l 111( I{(f. [1)()]  1(s111(s.  ‘1’al)lc

\~ lists valllcs of tl]r  l(((JIIIIiI(~I(l((l  cross s(ct ion fol s(l((t(xl  (Jll(rp;i(s. l{(soIIdlIcc :111(1

(~xclIaTIgI,(I cfl’(’cls, 1101 (1(’t(’rl)lill(~(l  ll(.IC$ IIlllst I)( ill(lll(l((l  to (1(’fill( tl](’ (ross  s(>ctio]l  to

1 1 1 1 ’ ( ’ s 1 1 0 1 ( 1 .  ‘1111(’  11(’al”  (Ilr(’sllol(l  II (IS ~)]))  ( “ 1 ’ 0 S S  S(’(’tioll  dl](l ~1 ]110({(’]  of {]1(’  ~,(’]1(’l’d]

(lis(lr(c  atoll]i(.  lIy(l I()~(II  (Jlllissioll  l)lol)(rli(s ( 11 (11( IIC) )  Ivill 1)(’ p,ii’(1)  ill a folloljillg”

])al)(’1  (l{(’f. [ 3 1 ] ) .

Ilis lVOI1< w a s  c a r r i e d  ollt  al tlI(:  J e t  l’rol)lllsioll”  I,;II)OI  alo  Ij, (:aliforllia  IIlstilllt(  o f

‘1’(’(llllology,  all(l tflc ~lllivcrsitv o f  Soll(lI(~r]I  (~alifolllia. ‘1’1}(’ \Volli tit tll(’ ,1(’1 l’ro])ulsiol]”

I)al)olah)l’y  \\’as Su])]ml”t(’d  I)y  tll(’ A[ollli(.,  Molcc Lila I :111(1  ol)(i  (al  l)llj’si(s  l)rop,taIII  of tllc

N;ltiotl;il  S(i(ll((  l“olltl(latioll”  ((i IdIIl ~ l’1l}’-  {1121/( )”/1:})  ,  III( ~lsllol)lljsi(s  alId l)ldll(tary  At-

IIIosl)lI(~I(~:~  I) IX)p,IiII IIS o f  l,IIc N;II iollal  A(’rollalit  i(s ~11(1  S])a(( .A(llllillislt/itioll,  aII(l l~y III(
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IIia was  SU1)l)OI[,(XI  I)}!  [II( Natioll:i]  Sci(.1)((, ]’()(l]l(lat,ioll  (A’1’h4-!):\Y)OT)S{))  ;II)(I N A S A  ((;ra]]t

N A(; \V 3905) . J. \4). hl(’(;olll{(’jr  tl(’li)  lo\l’l(:(l#;(’S  Sll])])ol’t  flWIl) 111(’ Niltlll’:11  Scicllccs /\ll(l l’;ll-

{I,ill(x:rillg l{cscarcl] (;o~lllcil  of (  !al]a(la. ‘1’IIc  alltl)ors arc ]mrli(  uldrly  p,ratcf(ll  to lgor llli~y

fo]” ~,(’11(’l’ollsly  l)mvi(lil)~,  (IS \f’il l] t  1)( (llll~lll)lisll((l  r(s(llt,s  o f  IIis Iat(wt (~(;(; Cal(llldtio]ls  fol

Q ]  ,s2]), Q],,:<,, , ?111(1 Ql .$:],/. 11] a(l(litiollj  tv(  ~,ldt(fllll)’  il(:lillo}t’1(’(  lp,(” 1)011  Ma(liso]l  illl(l \’la(lil]]ir

1111])(](1  for I)rovi(lill!, IIS \\itll  il)(it  l)\4~ll A:z (;ll(~(lzitic)lls,  allcl  Jalll(s \4~alt(ls [01 sll})l)lyiljp,

lIS wit]) 11](J l’(’sll]ts  of ])is ][’il”st ]Ior]i (;l]cl]]atiol).  \~7(! ]]al’e ])rll(’fil(’(]  ~,triii]j’ f l ’ o i l ]  discltssiolls

wiill all of {Itc :II)oIJ(. ‘1’1](  aIItl IOIs  also  w’isll  1 0  :ICl<IIOlf’l(:(l/)(  I\ill IJa]tip;  a]l  fo] Ilis i]lt’dlllal)l(

assistilll ((’ ill tll(’ (Icsip,ll  aft(]  ittll)l(~lll(,lltt[tioll  ()(’ tlt(~ COIII])II(  (’I colI(lol”  of (11(’ (’x))(’lill)(~lltt~l

a])]) al’at  (1s.

A1’I’II;N1)IX:  AN AI,YSIS  olI” )I;I{I{OI{S  lN’JIII;I{N AI, ‘J’()  ‘I’ll];  14; X1’lI;ltlh411;N’11

A  (ol]ll)](])(llsi\(>  ill]a])sis  of” sl:llisti(a] a]i(l ]<tI()\i’JI  s~sl(]tlal i( (ItIOJs  \Yas  I)(tlo]itl(>(]  ill

01(1(’1  10 (1( ’1(’1 IIlill(’  tll(’ ]il)lititlp, ;tc((ltacy 01’1 ]]( 1)](.s(]I1 l])(~tisl]](’lt)(llls. ‘1’11( a(l(liti(~ltal fd(lo]s

illvolvc(l ill (’stal)lisllill~,  al)so]ut,(,s  viIIu(vi  jIOIII 111(* al)alytic  fit t o  III(I (I;lta al(~ clis(IIss(’(1  iii

S(’ctioll  1  \/. SOLiI(cs  o f  cr!OI  ill t 1]( ]]]caslll(:(l signal  alc dctjailc(l 1)( ’1011’.

}/w7i(I/io)I.s  77/ clcc/7071  OCCIII cw!]r]lf {f)fd /Iy[lrof/c)} sov?cf  ])lf s.<u)c: ‘1111( (x])(’)iltl(llt:[l

s}~st,(,lll  i s  illt,(:l.f<l(:(.(1  to ;I ])(~.l);IS(~C]  (Itlttl  ;I((lltisitioll  alId  Colltlol”  sysl(:l]l  \vlli(:ll  II)ollitors

critical ]~alaltlctcls o f  01]] (,xl)(~ril))(’l)t  :1])(I IIollllalizcs tlI(: 11)(  ’as IIIHl sip,llals  t o  tli(’

(’l(’(’t  1“011  lwalll  Curl’(’llt  all(l llydl’og(’11 Soil]’(’(. ])1’(’ss111’(., rlilllillatillg  kIIOJi’JI SOIIIC(W o f

s~~st(’tllal  i( (,1101. l)ata  aI(> ;I((LIII II II: I1(I(I ill a llllllli])lc  s([)tltlil)p, ]Ilo(l(’ to 1“(’(1(1(”(’ 111(’

(’fl’(’(ls  o f  (I]ift iII 0111(11  (~xl)(~lill)(’llt:ll  ])atd  II I(l(’Is.

7’/lf  711((1,  S’U7’M’  di.woci{liiotl” ft({ciio~l: Sill((  [II( disso(iatio]l” 11 ;I(t ioli  ( 1 ) )  i s  lIc(d(d lo)

slll)tlactio])  of” t,l)(:  lll[)l(>(.lll  ill’ ],}JI]];II I-(1  (()]ltl’il)llti()]l  to tll(’ ol)s(’l’\Z(’(l si$,l)al,  (11( ’1 ’(’ is illl

1111(  ’( ’l”tililltj’  ill  tll(’  (l(:lil’(’(1  21t,0Jlli(” Si/\l121]  Ijjo(]ll (’(,(] 1)}~ tll(, (.1 101  ill 1]1(, lII(>a S\ I1’(-(l  \<llll(’

o f  1). h4(’il Slll”(’111(’llt  of (11(’ (Iisso(iiitioll” I’l;lctioll 11:1s a r(~latil’c  ( ’ 1 ” 1 ’ 0 1 ”  of ~ :1 ~i(~,  l)ilS(’(1 011

(11(’ si~),l)i~l  Stilt,  isti(’s of ‘(II( (Iis(’liiil’{,,(, oil illl(l 011” 111( ’il SIll”(’1ll(’llt S 1)( ’1 ’lol’1ll (’(1 ilt  1 10. ( )  I l l  I l .

1“01” {1 [t~’])i  (’ill) (lisso(iillioll”  11’il(’t io]l of” (). (jT), t IIis ])1’()(111(’(’S il 11(’t (’1’1’01” ill tll(’ !Ilol(’(’lll  ill”

Slll)tJ’il(’tio]l ])1’()(’(>(]11]’(,  of :/ ().:/(fi fol { ]1( (,](,(’(  1’ost,ilt,i(” p)llll  (lill~l ,  all(l of ~’ :1 1 %  fol” tll(’

II)iif,,ll(’t,  i(’ gjlll) (Iilt ii, r(~fl(,ctillg  111(’ lo\ f”(}l” Sip,llill l’ilt  (’S O f  111(, lilt t(’1”. ‘1’11(’  d((’lll”il(  ’j’ of tll(’

1110] (’(’111211” Sll])t J’il(’tioll  ])l’()(’(’(till’(s is (I(>lllollst  I; It(’(l  ill ](i:;lll(>  6.

,$i({fi.$ticai  t /Ivl. s 7 7 1  1//( 0/)<<( ro(d sifg)lcl  collrtf  I{{fcs: ‘[’11(’  Stalisti(ill  (’11’01”  (ass~lll)i))p,  ?I

l’oissoll”  (Iistlil)utio]l)  i]) tlI( II(>t sigllill  \:lti(,s sill((  1,1)(’ Si/)llill  flllx (’ll;ll)$)(’s  Ivilll (’11(’l’g)’

illl(l  i s  /11 S() cliff(’]c]ll fol” (11(’  (,1( ’( ’tl’ost:ll  i( illl(l l))agll(:ti(  {,,1111  (’ollfi{ :lll’iltiolls.  ” l“or  tll(’

(’1(’(’tlo  Stilti(”  /,1111, 111(’  Sip,ltitl  st,atis(i(s  I;lli((l  (1(~111 :1 ().;3(M ;\t 2 0 0 ”  (’\; to :1 (). (j(~,  ilt I .S

I<(’\/. 1“01” 111(’  l]la:;l)((i(p,litl (Iiltil, [ 11(’ Slill i!it i(’ill  (’1’1’01’S vari((l Ilolll :1 3.2(,X  11( ’ill’  t 111”(’SIIOI(I

t o  :1 Y.(;(x)  ilt 2 0 0 ”  (’\).

1<7/0)  ill ilt< ]jolf)li.:([ii<jt)  (ortrciioti. Sill(() 111( Si/;ll ill  filly (,l)t:lil)((l ilt  {)()” 111(1S1 1)(>

coll(x(c(l  I)y tli(’  fd(tol (  I 1)/3 )  it]  (Jr(l(I 10 (l(,lii~(’ tll(’ Iotdl (’IOSS  S(’(’tio  Jl, illl (’I’I’01” i s



.

iIItIc)(lu(cd  f’10111  t,]I(’ llll((~lt,iiilltj’ ill 11)( I l)olalizdlioll”  l ) .  l)c)larizatiol)  (lata fol II lJy]l IaII -

(1 111( ’ilslll’c(l l)y ott e t !  a l .  [9] lla\’(’ r(]jol 1(Y1 alm)ll]tr  crtor I)ars o f  :1 0.01 01 1(:ss ill lIIC

rcgioll fro]]) tllrcsllol(l to 200 (’lr. ‘1’llis r(,slllts i]] a r e l a t i v e  (’1101 o f  L{]) to :1 ().{j(~l ill tl)c

l)olariz,at,ioll” cotr(ct,ioll” l)loc(,flllr(’.  lo] (ll(rp,i(s  :11)01’(” :/()() (!\l, t]l(s  jyj(,]l’?i]];l]l(~  fo]lll~l.

Iatioll  [38] (c(jllatioll  1 1  )  for 111( ])olalizalioli”  lvas  11s((1.

o f  111(> (,IIWI ill tlIc M(l{TiIIld  II(’ tij)l)ro:I(lI  i s  1101  ])ossil)le,

ill ally (;Is(s,  l(!lalii’clj’ s]tldll  i]] lllis  (’11(’If;y  wg,iotl  (  Illaxi

(’1101  c21t  I l)c  safc]y tiik(!ll  (0 I)(J II(p,lip,iljly sl]]all.

Altllou~,ll  a realist ic (Jstilllatc

II( ]mlarizatiolj ftactiol]s  arc,

11(1111 41.1), a n d  tll(’  I’(’sullillg,

II(((rtol  1)(IckfIlov7)d  sl[l)i?wc[iot): ‘1’11(1  (1(’l(x’(ol l);lCli~)l”olIll(l s[ll)l  rdc(iolt i s  jjiirt iclltdl’lj’

ii)l])oltallt  ;It tllc  lli~,ll(~st  (Jl(I(ttoII  ittll);l(l  (]1(’rp,i(’s  \\’11(1(’ 111(* sip,llal  stlctl~,tll i s  lowest

:1]](I tllc ac(’u  racy o f  lIIC II(jll)l{lliz:(tioll  ])MKC(IIIIC  i s  ctiticall~’  (lcjN’lI(lcIIt 011 tl)c (]u;ilitj’

of tllc (x])(:lil]l(~llt;ll (Iata. ‘1’l)is l)ackp)tolll)(l  uas t]lcasllr((l  to all ac(llracy o f  :1 2%,

if’l)i(l) r(slllfs  ill till {]rol of ~11) 10 RI ().:~(ll  ill 11]( (I(t(lltlitl:ltioll  of tllc alolilic sip,ll:ll

at ( II( IIip,ll(’sl  (’ll(’r~)j’.

Quf//c//iJ/J/  of II(2!$): I )cact  iiatioll (){ :?s ll)(,{~ls[ill)](>  ;11,01[1s  into 111(’ 12])  St21t(’  \vitl)  ill 111(’

fic](l o f  virlv o f  tl)c (l(t((k)I  JvOIII(I  illllc)(lu(c  aII  (11011(01  IS” (ol)}])oll(llt”  t o  (11(1  si~,)lal.

‘1111(  iIlt(:ra(:tioll  mgioll ~vas,  lIOIv(\’(1,  )ip,orolls]y sllicld(’(1  to cl)sllrc tll(~  al)sc]lcc o f

stla) fic](ls. 111 ttl( (tisc o f  l)ossil)l( f’rill~,illp,  fi(l(ls  flc)l]l lllc ljiasill~,  ~’oltagcs al)])lird

to tllc l“al’d(liiy  (;111), .a systcll)  atic  illl’(~s(ir,iilioll  o f  tlIc l,y II IiIt I-(1 sir,ll  al, ZIS a  fullclioll
of t!llcsc Voltag (’s> rcvcalcd lIo statistically sig;l)ifica]lt (lcj)clIdcll((’  olI stray fi(:lds fro]])
Lllis Solll’cc. W(: Collcllldc  that) tlIcl( i s  II() Sir)llificiil)t (olltlil)lltioll” 10 tllc si~;llal arisil~g

frolll (Ju(’11(’l)illg of 1!11(’ [?s  IIl(!ti(stal)l(  j)ol)~llati{)ll I)y  fi(l(l c(l’ccts. ‘J IIIC (’1cct’1’oll I.)calll

ill a(lditioll to (Ixcitillp, tl]c 2s stil(c’ , also (1(’activat (’s itlto t IIc 21) slilt(, with a  collisioll”

stl~~l}r,t,ll  o f  al)o~lt,  6 0 0  all (  sw [48]). ‘I’!]( Il)axill]lllll  1)(:1111 (lllt(~llt ill lllis rxlxrilllcllt

i s  18 11A at 12 (:\J, (oll(~sl)olt(lill{},” (() :1 (l(,tl(tiI,;itiolI  tillic of al)oi  It ‘2 IIIS(I(.  I(;lwt]()]]

co]lisiolls  tfllrreforc  (Iolllillat,c tll(~  (1(’iic( ii’dl iolt I)] occss. ‘1’IIc  (Iflccl, IIOJ!KJ(L1,  is ltcp,ligil}lc

ill  lllis  cas(.  l)(xd IIs( of tlI(* v(, Iy sIIOI1  lif(tilllc  of tlI(s  11 atoIIIs  ill tlI(, l)(iil  II colII})al(’d

t o  (11(’  ])lo(lll(tioll”  aII(l  (l(tlct,ii’tilioll  lif’(lill](:s. ‘1’11(’  St(’a(l)’  Still(’ 1110(1 (’1 (“?il(:ulatliolls

(1(’t(’llllillitlr, tll(’ casca(](, (olttlil)lltioll” if(]c for this 1(’tlw)]l  (:llli((l ()~lt 11(’~j,lcctill?, tll(’

L2s 121) (ollisio)lal”  tlal)sitioll  (s(C  [:{1]).

lh)())s  (/,$.$ oci(//r(/  ?/)i/// )n({{~r~(  {i{ ji(ld (()) /jit/( ///c)//  ()[ ///(  ( I(r//oll  /)f (//t/.’  ‘1’llc 11S(’ O f
II)ar,llcti( collfi]lc:lllcllt 10 ])]()(IIIc(’ 111( (Jl((ttoll I)(>alll  (;III l(a(l to errors  ~trisillr, frolt]

(’11( ’l”p,\’ (1(~])(’ll(l(llt  j)allt  lCt Jp)ll  I (Iifl’(’l(ll((s ill (11( itlt(til(ti(jtl  r(g,ioll  (1(1(. to lllr IIrli(al

t rilj((t  ories of t]lc (lwtrolls.  A t  \T(I~  ]iiy)ll  (lcc(to]l dcllsit i(s [11(](  i s  a l s o  t  1)(  ])ossil)ilil~

of l}oll-lill(~?iliti(!s  ill tllc l~calll ])rofil(  (111( to sj)acc cllarr,c illdllcd scallol)illg o f  lllc

1)(’alt].  ~]sillr,  t]lc c(]ll’cctiojl fa((c]t’s (](’s(’I  i])cd  t]y ‘lla~’]{JI’  (’t :1]. []()) I\T(’ csi ill)at(’ i]l~t

I)at,ll  l(l]gtll  \’dlititiolls of OLII  olc(l]OII l)(Ja III iIrc ll(~:lip,il)l( al (tlcr:,ics  Ill) to 2? OO(\;
lIs(xl ill tll( I)rcscl)t (’xl)(’rilll(~lll. 1)] 111( cdsc o f  scallc)j)illp,, \Y(’ \\’(’l’(’ (’ill” (’f(l] to 11s(’

(’1(’  (’11 ”011 (’(11’ I ( ’ l  I t s  U’(’]1  1)(.lo\\J  t 11(. S]): I(’( cllal’g(’ liltlit al (:IclI (il(lp,,s .  \37(’ 1)(’li(l’c that
aljy (Jfl’(’cts assoc iated Jvil,lI ll)ii~;ll(’ti( fi(~l(l  (ollfiil(,li)(’111 al(~ Ilot sigllifi(’al)t ill tll(: ])rcs(’llt

(Ixl)(lill]cllt  .  lII(lcc(I, l,II(!  si]llilaril~ I)(t ]V(S(II tllc slla])(s  of t  II(J l(tlol)lltili7j(cl cx(itilti<)ll

I’lltlclioll  (Iala of I,()]lp;  (t :11. [ 1 ]  slI()\\II  ill l’ip,~lrc 1 0  all(l (1)(  l)](srlll Ivorl<  a(l(ls  a(l(litiolla!

((~tlli(lf~l)((’ 1[~ tl]is (]ail]]  sil]cc 111(’ 1,011/: (’1 j]].  /])  (lilt il ft’olll t 111’(’SIIOI(I  to l/(1(  1(’\~ Lt’(’l’(’



8. l’;l)O1, s (1.5%ocici<d  vliil) 10{1I  f:/1( lyy .s<coII(lfIr !I (l(cilvlI.s: IIislolicallyj  (xcitatioll flllI(-

( ion ]))(’t~slI](JIII(~IIt:; Ilavr  l)(vII  l)lap,u(d  I)J ]) Iol)l(’IIIs  asso(ial(’(1  will]  tlI( ])I(W’11((’  o f

s(’coII(la  Iy (:l(JctIoIIs  ill  tl]c ij)t(~ra(tiotl  l(~p,iol}, ‘I)II(W  (’l((trolls  (:111  cdusc  fllltll(l  cxci-

tatiol),  1( ’a(lil]p,  t o  (IIOII(Y)LIS  sip,llals, {’s]J(ci:ill\’  ill lIIC (riti(dl IIip,ll (JII(’lgj’  Iq,io]l \l’lIclc
dala :IIC ]Iortt)alizc(l  aII(l \\ ’11(’I(J  a r(’latil’(’lJ  sIIIall s(m) II(lat\r (0111  ])011(’111”  (d]] l e a d  to a

(]i Sl)l’ol)  ol’tioll:lt(’]jr  ];ll’/,(’ (’()] ltl’il)llti()ll  (() t ]1(’ tltollli(”  Sip,ll~l 1. SC(’011(1:11’J”  (’1(’ (’( I 011s :11”(’ a

I)arli(lll:ir ])rol)l(’111 for ]I]ag,]](ti( p, III IS, \IIII(~I(~ (Jl(xt]()]Is ])ro(lIIc(’(1 ill iol)i71illp,  (ollisiolls”

?111(]  at p)(lll :l])(’I’tlll’(  ’s, CaII 1)( tIa])]I  ((l ill tli( (ollfi  Ilillp,  ]Iiap,ll(li(  [i(l(l.  ‘1’IIc  s(l((lioll

of :111  (~l(~(t rostatic  g,IIII foI tll(~ (,II(IIp,~  l(~~,ioll  al)c)l’(i  ? ( ) ( )  (i~ (’IIs(II(’s  t 11(’  al)s(’11((’  of”  allj’

l)):lp,ll(~li(;illy tra])])(d  sccoII(la IJ” (Jl(’(1  roIIs. 1( SIlolll(l also I)($  1 1 0 ( ( ’ ( 1  t’ll?lt \\”(’  (’OL1l(I  IIot

/,(’1  a(’(’(’])t  ?11)1(’ (’oil\’(’l”p,(’11(’(” o f ”  0111” (Iilttl :1( Ilip,ll (’ll(]~,i(s 10 tll( 110111  lilllil  (lsill~, ollr

llla~)ll(’ti( F,II]].

‘1’11( al)()\’(  (’1101s  al(’ collll)ill(xl  +Il)l)lol)litll(l}  ill (Illa(lt;ltllrc to (Jl)tdill i’alll(% fc)l tll(> iota]

(’xl)(~liltl(~llt:ll  (JIIOI ill  ( a )  tll(~ II I(Ja SIII(~(l  l,y II IaII  (~ si~,tlal  aIId ( l ) )  tlI( (I(til(d lcldtiv(:  QIS2,)

\~illll (’s. 11’or tli( (Jl(’(tlostdti(  g,L]i I (latd, t  11( r(slili illp,  (al(llldt(’(1  (r]or ill ( a )  ill(l(:ls(s  flol]l

:1 ().:3(X) at :200” (’\ 10 :1 1.s% al 1.8 I;(’\’. ‘1’11( ((jll(sl)oll(lill~,  (110]s ill (1)) arc .lo.~)(X  :11((I

1 l.$)(~), l(sl)((tit’(]}’.  ]’(II (11( ltlil~,l)(.ti(  glltl (l;i~d, III( (’rtor ill (a) i s “.’: I: I.’I(X) 11( ’{1!” tlllwllold

> lx.(ltl(.illp,  to :{ ;~.s(ti,  ai ~~()()  (’\J. ‘1’11(’  (oll(s])oil(lill{),”  (’1101’S  ill  ( 1 ) )  ill’(’ “.,ll(fi  11(’al”  {111’(’sllol(l \

r(xlll(illy, (o P-l ?.{)(x) at :/()() (’\;.

'1111(: \ll; tl)ti(fit till$, ()i'tll(( x])(lill ](l)t;ll(ltlt~l  {Isillp,l’kl  lol((l~l((stl)(  st; l(isti( ;ll((Jlltlil)ll  -

lion 10 tll(! llll(ot~lillty ill (Iat;i ]21111(s to ii Il(p,li{l,il)l(  (olltril)lltioll” l(lativ(to tl]( s\st(lt)ati(

(tto]s. ‘1’ll((flixt  oltll(s~s l(ll];lli(f;  i(lo)s” i s  (Iis(l[ss((l ill S((. l\)

2 I
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1’1(; 1 .  Sllllllll~l’~ J)lot oftll(’ol’(’ti(  ’ill”  II (  IS 2])) (toss s((tiotls. ‘1’ltc calculalio]i  II Ictl Io(ls  (aII I}(I

c;lt(,y,tjliy,p{l illio v a r i o u s  il])])l’oil( ’11( ’h: 1101 II :lj)l)l’(lXi lliillioll (s(jli(l (’111  l’(’);  C o i l \ ’ c l p , ( ’ l l t  (’l(IsP  co~ll)li!lp,

((;((~) calclllatiol!s of IIlay [20] ((,1)(11  cilc]cs);  lll~llti-j)scll(l(,  St:lt( (al(lllatiolls  o f  \rilll \l’Jrllp,ilil  l(loll

all(l  \val[(’1’s  [8], [ 2 ? ]  (Opcll s q u a w s ) ,  Scolt (’t al. [2:1]  (u]) tliallp,los),  (~dllii}f’ily  21]1(1 ll]l]lil{li:)lltlilll

[?1] (flf,ls) ;  st{o*Itl ordr, disto,tcd W4V,L IIc,r,, a,,l,]~,xi]~,:,tic,,,  (l)\j’llA2) calculalif)lis c)f Ki],f,httll

;III(I \l’altc Is [24] ((J1)(,lI (Iialilo]l(ls). llIIl)(Jl{Ji’  ct al. [17] (IJIIIsfh);  (lllili,]iml (ilic,,ial I)(JI  II hclit:

(I JII]S) cdlc~llatiolls  of l]yIoII (t a l .  [Y!)] ((IOVJII  triatlp,lcs).



.



I . .

0

0
u
<

~—-----— ‘—

,.

.
. . . . . .,, — -,

!,
?’ — ‘,
v;

,’., .’.
.,. .,’. -----

..-”d
0,

- - - -
, .,-

,,,

-,, i

●  ✍

/



H Al OM 13EAM

-{AI

R,F,

‘A \
H 20

‘{G E.

H;o Hz

1“1(~. 4. S(’11(’lllilti(  diap,ralll of t]}(,  ]{]’ disc]larp,, s(,llrcc (l{(f. [35]). Molecu lar  ]Ij’(llop,cll  (I)urifi(d

I)y j)assill~, tlIrol]:,lI  a I)alladiutll fillgcr) i s  (Iisso(ialw] ill i i  (liscllar~c cxcitcd  witllill all 1/1’ c a v i t y ,

1(’sf)ll~lll  at 36 N4 117,.  ‘1’11(’ })yr($x  (li S(’lliil’p,(~  t Itl)c i s  \i’;it(’] (’()(  )1(’(1. A  tyl)ical (Iissociatioli fraction,

Ili(,asuld al, tlI(I itltcractioll rep, ion, is (). (i, !):l (1.02.
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l“1(;  .  6. l’;lnissio]l  s])cclra  l)IxldIIcc{l  l)y CI(ICIIOII  illlj)act cx{il:ltic,l)  a t  looc\r”  ofa ]Jart ially disso-

ciat(xl talp,ei  l)caltl (disc lialp,c  011)  aIId  aII u]l(lissociatd  II Iolecula  I tar[;ct I) C; IIII (disclldt~c  oil’) alc

slIoivII  ill a )  aII(l  l ) ) ,  Ix’sl)c’ctivc]y,  a t  a wsolutio  [l” o f  ().5]llt~  (ll’\\Tllkl).  Al)l)licatioll  of tlI(,  II Iol(Tula I

Slll)tl’ii(tioll ])roccdur(, d(,sclil)p(l ill SW.. ]]] yit~lds (Ilc IIrt (vl II) sl)(Ic(rlllII SII(JU’11 ill c )  ill wllicll

lJyl IIa II srti(s IIlclt)l)clh (II) 10 II ~ (i call  I)c i(l(,lltifi{’d.
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(Ilsf’llarpy  Solll’((,  ])](y;:;(l](). ‘J’]Ic (Iisso(jatioll”  fractio]l
siy,tlals ol)taitlcd writ]] (lie discllalp,(~ 011 and ofl’, N(’I

t 11(’  ])1’0(”(’(1111’(,  dcsclil)cd  ill S e c .  1 1 1 .  ()])cla(i{)ll 01
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[11])  (ilSC~(l( cross S({liol] k, ]Jo],ulati],p, tlI( I I  (21,) s(at(  l,y (1((1!01,  (xcit;,tio]l ,  SIIOWII  a s  a  solid
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l’1(; . 9. l;x})f~tiltlcllt:illy (I(,riv(,d  c{}llisi(]ll S(ICIIp,[]I  for  (,l(Jct IcIII (,x(it:~lio]l of tlI(’ 11 ( 1 s 2]))

tlal Isiti(JII (O]  J(III circ](,s), COIIIIJa  IN] to aTI :~llaly(ic  fit 1 0  tlIc d a t a  usilig I;(I.  1 0  (soli(l Iill(’), alI(l

silllilal iillalyti(. fit to t,]I(,  ]) Jay [20]  (~(t(; calc(llatio)ls lIIIII(atd  at 200”  (I\l ((lastlc(l  lillc). l{f’])lcsCll-

ta[ivc (’l lo] I)ars  slIowll 011 llIc figllrc arc  mtit]la((d collll)itl(l(l Stalisti(ill alI(l systclllatic  Ullr(’ltiiillty.

(!()(fllfir]lts for tlIc I ana ly t ic  clirv( ar(, g;il’cll  ill ‘1’al)lr  1.
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l’1(; . lo. Sllllllllal’y ])k)t  of (’xJ)(Tilllcllliil  11 (  IS 2])) (’1’oss Sc(’tiolls. I)ots: ]) I(wIIt w)Jk;  tlli(k

Iitlc: alialytic f i t  to })1(’s(’llt  (l~tii S(’t; tlli]l lillc: \3’illiillll S [’2) tlIrdslIold d a t a ;  ol)rtl Squ:tl(’:  \i’illiall)s

[1{]; u}) tlialigl(’: ],011?; Ct al. [ 1  ]  (l:It~I COIICC((I(l fo] l)olarizatioll (II SjIIp, I/(f. [()]) :111(1 (~s(il(l~  (LISi  IIg

1)1(’sctIt lIlo(lcl [ 3 1 ] )  tlI(jI IIolll)aliz,(xl to ]) ICSCII(  CI(JSS  s(ctioll at ‘ 2 0 0 ”  c\T: (I(JJVII triall{:l(,: ]joll,g  (’t al.

[ 1 ]  d a t a  colrcctcxl  by W(II M’yJip,aardcII  a]id \Yal(crs [8] foj },(~lali7,atioli  aII(l  casca(]c  aII(l II()] lllali~(d

[() Ill(,il tll(wretical  Valu(’ at ?()() (,\[; ])111s(,s: S(’lli~l’ill(,l [ 5 0 ] .
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‘I’AI)I, II: II]. II (]S 2})): Cc)lll])al’is(m Of l’:lcct roll 1!11]):1(’1  (:1’0ss  S(’(’

},; (c\’)
1 .4(I+ 01”
1.4:1-101
I .5(1-1 01
1 .5G+ 01
1 .76-{ 01
2.()( 1-1 [)1
2.:)(11  (H
:{.(l  [1-{ [11
:{, !>(I I (11
4.50-1 (11
[1.4+{ 01
7.(1[)-1  (11
1 .()[)1 (I2
1 ..$(1-1 (12
2.(1( 1-! [)2
:3,(1(}  ] 02
I.(J(l-l (I2
!). ()().1 (I2
~,,~,:1.1 [)J

1 .:{[1 I ()”3
1 .S[ll [):{
2.()( 1-1 (1:{
3.()()+ (I:J
4 .[10-!  [1:~
5,(1( )-I 0.’3
(;,()  ()-1  (1’i
7.[1(  1-1 (1’{

8,()()+  0 3
9.()( )-I 03

1 . 0 0 - 1 0 4

4.281  <:-011’

4 . 4 7 - 0 1

4 .c>7-(11

4,8:)-  [)1

5.4s 01
5.8:)-01
(i.(i 2-(11
G.!lti [)1
7.21-(11
7.4001
7.2:J  (11
(;,:) 2-[)1
(;,20.01”
5 . 1 8 0 1
.1 .4:{. (11

2 , 4 2 . 0 1

1..11 (11
1.17-(11
!l,O1 -[)2

4.2(3 01[

4.481’;  -01
4.671’;-  (II
4.871’;-01
5.411’;01
5.s!)1’;.01
(i.571t-ol
fi. $l!l.ol
7.2:3 01
7.:{s 01
; ,Jll,  (,]

(;.:ll -01
(i,l$l  01
5.1s[)1
.1. +1 01
3,42-01
2.7!1 01
2.:37-01
I .1001
1.1301
8,; +(I2
N.(12-L12
.s,76 (1?
4,5+[)2
:{.76.02
:{.23  02
2.8302
2..5:{02
‘2,2s1.02
2,()<1  0’2

Q1,,*(K)

8.:3.1. (11’1

S.4[,  [11
7.s1 [)1
().7(;  (11
~).4(i (11

.1.:):1 (1 I

2.1)-(11
1 ..1’{ (11

(;.O1 -[)1”

‘1.1+01
:\, [12-ol

2.60-01”

Olls(au)

4.42-01f

4.62- (11

4.7 {1-01
4,9C)  (11

5,:{8  01

L.7:{  -(11

6.21-(11
[;,51 -[)1
fi.70  01
(;.8:+01
(;.78. [11
(;.51 -(11
:).81-(11
‘1.8[1  01
.1.()  !). (1
:3,20 (,1
2.67-(11
‘2.:{  [1. [11
1.:3s  (11
1.12-(11
8.(;1 -(12
7.9-(I2
5. GR-(12
4.47-(I2
3.71 -C12
3.1 S)-(I2
2.80-(12
2.5(1-(12
2.26-[12
2,()(i  (I2

al{(vid  as  1 .4  x 10”

“(:(:(:  II)elllo(l; I{(’f. [x)].

c Allalyti(  f i t  tol{ef.  [20](lat:it{J200{I\~,  ]111. JO.
‘1 l)\4~llA2111(tlI(  )(l; I{(f. []7].
c [11’:11s 111(’tllo(l:  I{(’f. [25].
‘Al}alytic fit to l) I(wIIt ex])clilil(’lltal (Iiila;  sw tcxl.

/1 I
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‘J’AI]I,lI;  \/. ]{c(c)]I~II~(’II(]e(]  c]wtro]l i] I)]mct 11 ( ] S 2])) (’1’oss Su’tioll

1; (c\]) (
1 .50+ 01’
1 .52+ 01
1.54+01
1 .5(;-1  01
1 .5s-1 01
1 .(01  01
I.(iI-{ 01
1 .(;4-1  01
1 .GG+ [)1
1.68-I  01

1 .7(1-1 01
1.72.101
1.74+01
1 .7(; + 01
1 .7s+  [11
1 x-l 01
] ,:)2+ ()]
]:,j+()]
] ,:,(.1  01

1 .98-I 01
2.00+  01
2,0:1-101
2.10-101
2.15+  01
2.20+  01
22[)+ 01
2.3[1-{  01
2.35+  01
2.40-$01
2.45+  01
2.5(1-I  01
2.5:)+  01
2.(;0+  01

“?1s2)(1’:)
4. M7-01  ~’

4.7:{  7-01

4.8(1 1-01
4.8(;s  01
,If):jl.(,1

4.9:11 -(Ii
5.0:)[)  01
5.1(} 6-(11
5.l(il-ol
5.21,1 -[)1
5.2(i(i  01
5.:31(; 01
5,:\(i:) -(11
5.412-(11
5.4:)s  01
:)..50  :+(11
.5.7:)[1  01
5.788.01
:).82:).01
5.s(; 1-01
:,,~:)~  ()]
:,,:)~() (,]

6,0(;  [)-01
(i, ] :\(i 01
G,20!)-01
(;,277-01
G.:\42-ol
6.401  01
G.4Gi-ol
6.520.01
6..574.01
G. G2[>-01
(3.674-01

‘ll{(VI(I as 1.50 x 10]

b; (Cv) (

2,65-}  01
2.70-+ 01
2.8(I+ 01
~, f,(, + ()]

:+. ()().{ 01
3.10-+ 01
:{.2(1{  01
:+,30-{  01
3.4(I{ 01
:{,.5(1. { 01
3.( X-I 01
3.70-101
:{.80-1 01
:{.: K)+ [)1
.1.00 } 01
4.1(1-1 01
4.2(I} 01
4.3(LI 01
4.40 I 01
‘1:)( ).’ 01

4 .60-+ 01
4.’70 I 01
4.80-I 01
4,9(,.{ ()]

5.00-/ 01
5.44-I 01
6.0(1-1 01
6.50-101
7.00-1  01
7.50-{ 01
8.0(1-1 01
8.50101
9.()()-{ 01

9.50-1  01

.Jls2~l(!~_

6.720-01
(;.764-01
(;.846-01
G,920.01
(i.9s7. ol
7.04801
7 . 1 0 - 0 1
7.14:)  01
7.1$12-01
7.22:1-01
7.261-O]
7.2 S$1.01
7,312-01
7.:+:+2-01
7.:+47-01
7.3[;()-01
-/.:\ G{l-ol
7,:{7. !-01
7.:{7s  [)1
;.:{7s 01
7.377-01
7’.372-01
7.3M-01
7.:378-01
7.348-01
7.287-01
7.17:1-01
7.(164-O]
G.940  .01
(;.s1  1-01
(;. m2-ol
(i.554-ol
6,42S.01
6.305-01

1’; (c\’)

1 .00+ 02
1,10+02
1.20+02
1 .30+ 02
1 .40+ 02
1 .50+ 02
1 .(i(l-{ 02
1.704 0’?
1 .8(II 02
] ,{,(+ 02

2.00-102
2.5[)-1 02
3,()()-1  02
:{..5[)  I 02
4.00 i 02
4 .50-I 0’2
5.01)+  02
5,50-{  02
(;.0(1-1  02
7.0(1-1  02
8.0(1+  02
:).00-1  02
1 .00+ 03
1.20-1 0:+
1.40-103
1 .(W+ 03
1 .s0 I 03
2.00+ 03
2 .50-} 03
3.00+ (I3
3.50-103
4 .00+ 03
4.50+ 03
5,()()+ 03

Qlszy(l’;)
ci.ls&ol
[,, f][, ~). (,]

5.747-01
5.54s 01
5.3(;().  (11
5.181-01
5.01s 01
4 ,s60. (11
4,7’ 11-(11
4 .57[)- (11
4,43(  ;-(11
:{..s(;4 (11
3,421-01
3.072.(1]
2.792- (II
2.:)62-(,1
2.370 [,1
2.207-(,1
2.067- (,1
1 .8:{:) (,1
1 .66001
1.51:)-01
1 ,3:)5-01
1 .20$J-01
1 .06{) -01
9.610-02
S.74(1.02
8 . 0 2 6 0 2
6.69-02
5.760-02
5.07(1-02
4. S38-02
4.113-02
3.7  G5-02

“1{(’(OIII  II ICI I(l(J(I  (’]’()$s  S(,(’tioll (au) fl’()]1)  a]la]}J(,i(  flt (() to Ref. [20]. S(W ‘1’iil)l(l 1, (’01 4, for ;Illalyti(. .
>

‘1:]


